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INTRODUCTION 
Nitrogen (N) is an essential nutrient for plant growth and crop production. 
It is the nutrient element that is taken up from soils in the largest amounts by 
many crops. The great demand by plants and the relatively low availability of 
this nutrient in most agricultural soils make plants respond extremely weU. to N 
application. Because N is present in so many essential compounds in plants, it 
is not surprising that growth rate without N is slow and limited. Nitrogen is a 
constituent of chlorophyll, all proteins including the enzymes, and many other 
important compounds (Tisdale et al., 1993). 
Surface soils normally contain between 0.08 and 0.4% total N. The 
occurrence of N in the environment is in the forms of organic and inorganic. 
Although plants tak:e up N principally as an inorganic form (NH4^ and NO3-), 
organic N accounts for more than 95% of the total N in most surface soils. The 
release of inorganic N from organic N by microbial activity is known as 
mineralization. This process is of great importance not only from the standpoint 
of soil fertility and plant nutrition, but also from the environmental perspective 
because of the potential of nitrate leaching to groundwater. It is estimated that 
1 to 3% of the organic N in soils is mineralized in a growing season. 
It has been well known that the addition of N fertihzers is associated with 
the increase in crop yields. However, increase cost of N fertilizers as well as 
increased environmental awareness regsirding nitrate leaching and the 
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consequences of groundwater contamination and the interest in sustainable 
agriculture systems has renewed interest in using natxiral organic N fertilizers-
Animal maniire, biotechnology by-products, sewage sludge, crop residues, 
and many other organic materials have been added to soils to increase the 
nutrient supply. The benefits are derived mostly from their N content. Nitrogen 
in organic forms can be stored in the soil but it cannot be used by plants until 
the decomposition of the organic materials and the release of inorganic N; i.e., 
the mineralization of organic N. 
Animal manure was the dominant fertilizer for thousands of years where 
the animals were used for power and food. Significant amounts of nutrients in 
animal feed appear in the manure, and if the manure is managed in proper way. 
it can be of great value to maintain soil fertility both in short term and in the 
long rxm (Foth and Ellis, 1988). 
Biotechnology by-products are new organic amendments associated with 
the production of some compounds, namely, sugar, enzymes, amino acids, 
peptides, citric acids, and others (Zhu et al., 1995). Relatively large amounts of 
biotechnology by-products have been produced in the USA (Zhu et al., 1995). 
The main advantage of biotechnology by-products is the content of high 
concentrations of macro-nutrients including N, but low concentrations of heavy 
metals. 
The amount of N mineralized during the decomposition organic 
amendments is affected by several factors. Soil moistiire, temperature, pH, and 
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the C/N ratio of the organic amendment are the major factors that affect N 
mineralization and consequently plant uptake. The publications on N in soils, 
especially on mineralization of N, are countless. Although the effect of soil pH 
on N mineralization of organic amendments has received some attention (Fu et 
al., 1987), most of those studies involved using different soils with a range of pH 
values. The intrinsic soil properties, in addition to pH, significantly affect N 
transformations and plant availability. Limited information is available on the 
effect of soil pH on N mineralization and subsequent uptake by plants from soils 
treated with biotechnology by-products or animal manures. Such studies are 
needed because of the recent interest in organic farming and utilization of such 
materials as sources of nutrient for plants. Therefore the objectives of this study 
were: (1) to assess the effect of soil pH on the N mineralization rates and the 
potentially mineralizable N (No) of soils treated with biotechnology by-products 
or animal manures, (2) to determine the effect of soil pH on the availability of N 
to corn {Zea mays L.) and ryegrass (Lolium multiflorum L.) from selected 
biotechnology by-products and animal manures, and (3) to study the 
relationships between plant uptake of organic N from a soil of different pH 
values treated with biotechnology by products or animal manures under 
greenhouse conditions and mineralizable N vmder laboratory conditions. 
The results obtained are presented in three parts. The results obtained 
under objective (1) are presented in part I, those under objective (2) and (3) are 
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presented in part II for corn and in part III for ryegrass. Preceding part I is a 
literatiire review and after part III is a general summary and conclusions. 
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LITERATURE REVIEW 
Forms of Nitrogen in Soils 
Nitrogen is the most frequently deficient nutrient in soils for crop 
production. For this reason, most, if not all, non-legume crops require the 
application of N fertilizer for optimal yields. The N content of surface mineral 
soils normally ranges from 0.02 to 0.5% (Brady, 1990). One hectare of such a soil 
contains about 3.3 Mg of N, while the atmosphere above this hectare contains 
approximately 300,000 Mg of the element (Brady, 1990). More than 95% of the 
N found in the surface layer of most mineral soils is of organic nature. 
Organic soil N occurs as proteins, amino acids, amino sugars, and other 
complex N compounds. The proportion of total soil N in these various fractions 
is as follows: bound amino acids, 20 to 40%; amino sugars such as hexosamines. 
5 to 10%; and purine and purimidine derivatives, 1% or less. Very httle is 
known about the chemical nature of the 50% or so of the organic N not foiind in 
these fractions (Stevenson, 1982). 
From the standpoint of soil fertility, NH4'^, NO2", and NOs" are the most 
important forms of inorganic N and are produced under aerobic decomposition of 
soil organic matter or from the addition of N fertilizers. These three forms 
usually represent 2 to 5% of the total soil N. Plants absorb N as both NH4'^ and 
NOa". In well-aerated soils, NO3" generally occurs in higher concentration than 
NH4^. 
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Synthetic Nitrogen Fertilizers 
The synthetic forms of N are normally assumed when the term fertilizer 
is mentioned. They are more concentrated, cheaper based on the price of a xmit 
element, easier to store, carry, handle, and spread. They are also more readily 
available for the immediate use by the crop at the time of high demand. Sodium 
nitrate (NaNOa, 10% N) was among the first synthetic fertilizer imported to the 
US firom Chile (Brady, 1990). 
Many synthetic N fertilizers can be used to supply the amount required 
for crop production. Nevertheless, the decision of choosing the right one is based 
on availability, economics, convenience, and effectiveness. In the following 
several paragraphs only three important sjmthetic fertilizers that are being used 
extensively in the United States will be described briefly. They are anhydrous 
ammonia, urea, and xirea-ammoniimi nitrate. 
Anhydrous ammonia (82% N) is the basic building block for almost all 
synthetic N fertihzers. Gaseous ammonia is lighter than air, but on compression 
and cooling it becomes a liqxiid about 60% as heavy as water. It is readily 
absorbed in water up to concentration of 30 to 40% by weight, with the resulting 
liqxiid of low vapor pressure. Due to the high vapor pressure of anhydrous 
ammonia at normal temperatures, it is transported in pressurized container. 
Anhydrous ammonia at 82% N is the most concentrated N fertilizer available 
and is the raw material for all other synthetic N fertilizers. However, special. 
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heavily biiilt, storage, transportation, and application equipment are reqxiired 
for anhydrous ammonia which is liquefied gas (Pesek et al., 1971). 
Urea has the chemical formula CO(NH2)2. It is also called "carbamide". 
Urea manufactured by combining two ammonium molecules with one carbon 
dioxide molecxile, both of which are products or by-products of an ammonia plant 
(Pesek et al., 1971). In solid form, it contgdns about 46% N, all soluble in water. 
In soil, iirea is rapidly converted by an enzyme (xirease) to ammonium (Cooke, 
1972), with subsequent conversion of ammonium to nitrate. However, under 
special artificial conditions where urea is not hydrolyzed, such as sterile media, 
urea can be taken up and utilized directly by many plants (Harper, 1984). 
Urea-ammonium nitrate (UAN) is a solution containing 32% of N as 
ammonium nitrate and urea. It is much easier to handle than anhydrous 
ammonia. UAN solution can be mixed with other fertilizers such as P and K 
compoimds as well as herbicides and pesticides. It can be applied directly to soils 
or plant shoots (Tisdale et al., 1993). 
Organic Nitrogen Fertilizers 
Before the use of synthetic and inorganic N fertihzers, the use of organic 
N fertilizers was the only available option. There are many kinds of organic 
materials used as soil amendments or fertilizers. Animal manures, municipal 
sewage sludges and wastewaters, composts of municipal solid wastes or yard 
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wastes, food processing wastes, industrial organics, and crop and forest product 
residues are the major organic wastes produced worldwide (Sims, 1995). 
The use of organic wastes as N sources cannot only based on the 
availability of N. Other nutrients such as P and micro-nutrients or even 
nonessential elements in the materials may play major roles in determining the 
application rate or even the suitability of the materials (Sims, 1995). According 
to Sims (1995), there are several major aspects that may limit the use of organic 
wastes. These include; (1) the buildup of P to excessive levels in waste-treated 
soils, (2) the potential of heavy-metals contamination of soils, crops, and water 
supplies, and (3) the presence and possible adverse environmental impacts of 
organic pollutants foxmd in organic wastes. 
The recommendations of the application rates of organic wastes are 
usually based on the N content of the waste and the N requirement of the crop 
(Wright, 1978). For most organic wastes the determination of application rates 
are estimated by one of two methods, the decay series or the fertilizer 
equivalence (Sims and Wolf, 1994). The decay series method is more widely 
used, which can estimate the initial and the residual availability of N in the 
organic wastes. A decay series is based on laboratory N mineralization studies 
to predict the amount mineralized over a period of several years. The second 
approach, fertilizer equivalence, is based on field studies to compare several 
rates of fertilizer N and organic wastes in terms of jrields and N uptake (Sims 
and Wolf, 1994). 
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RTnfrpnhnoIogy by-product 
There is very little information available about the biotechnologv' by­
products, which are organic wastes generated from the biotechnology* industries 
that use selected or bioengineered microorganisms to synthesize specific 
compounds (Martinez and Tabatabai, 1997; Zhu et al., 1995). The importance of 
biotechnology by-products is mainly due to the large quantities of some of these 
materials produced in Iowa annually with low concentrations of metals and high 
amounts of N (Martinez and Tabatabai, 1997; Zhu et al., 1995). 
Animal manures 
Animal manures have been traditionally disposed of on cropland for 
decomposition and mineralization with beneficial effects to crops. The 
increasing confinement of large numbers of animals for meat, milk, and egg 
production, however, has generated serious problems in animal waste 
management because of soil and water pollution and disposal costs associated 
with high accumulation of manure in small areas. 
Domestic animals in the USA produce more than 1 billion metric tons of 
fecal wastes annually. Liquid effluents amount to more than 360 million metric 
tons (Smith and Peterson, 1982). Power and Doran, 1984 reported that 90% of 
the animal manure is returned to soils. 
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Several kmds of animal manxires sure produced, including chicken (Gallus 
domesticus), cow {Bos taurus), swine (Sus scrofa), sheep (JDvis laticauda), and 
horse (Equus caballus) manures. The chemical and physical composition of 
these manures are different, but in general, chicken manure contains the 
highest N concentration, which makes it an excellent source as N fertilizer. In 
general, animal manure application has the following benefits: (1) a supply of 
organic and inorganic N, (2) greater movement and availability of P, mostly 
organic P, and micro-nutrients due to complexation, (3) increased water 
retention, (4) improved soil structure, (5) increased pH and basic cations, (6) 
complexation of Al^^ in acid soil which, in tvum, decreases A1 toxicity, and (7) 
increased organic matter (Tisdal et al., 1993). 
Field trials were conducted by Joshi et al. (1994) to investigate the 
potential of using liquid dairy manure as an N source for corn production in 
conservation tillage systems. The tillage treatments included no-tillage (NT) 
and spring chisel plowing (CP) followed by field cultivation. Liquid dairy manure 
was applied annually, biennially, and triennially (in the CP treatment only) at 
recommended rates of N for the region. Nitrogen applied as manure annually at 
284 kg ha-^ produced similar corn yields and N uptake as the conventionally 
fertilized treatment imder NT and CP. Manure applied biennially produced corn 
yields and N uptake as good as the annual manvire treatment in the application 
year, but yield was reduced by 20% and N uptake declined by 30% the following 
year. Grain yield and N uptake in years with no application were greater with 
CP than NT systems, which was due to larger N mineralization of soil organic 
matter and manure in CP. 
The efficiency of N uptake from various manure forms, and at different 
rates of application has been studied using field and laboratory experiments 
(Rees et al., 1993). In a field experiment, wheat was planted on soils with 
different quantities of ^^N-labeUed legume residues. The N taken up by the crop 
was directly related to the amoxuit applied. In a second field experiment, mineral 
N was applied at rates varjdng fi:om 0 to 120 kg N ha-^ in with and without 
poultry manure. The resxilts showed that N uptake in the pot experiment was 
directly proportional to the rate of manture application, but the amount of N 
taken up was strongly related to the N content of the manure. The incubation 
experiment showed that net N mineralization reached a maximxim where 
residue concentrations were 1.5%. 
Comparing the availability of N in liqviid cattle manure, urea, and 
anhydrous ammonia to corn, Beauchamp (1983) showed that the available N 
from the manxire was about 60% when injected into the soil and one-third as 
available as anhydrous ammonia when applied to the sxirface. 
The composition of animal maniires is influenced by many factors. These 
include the following; (1) the species and the age of animal, (2) the composition 
of diets used to feed the animal, and (3) the housing system and the manure 
collection, storage and treatment systems (Van Faassen and Van Dijk, 1987). 
Animal manure N is present in three fractions after its application to soil: (1) 
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inorganic N (mainly and incidentsdly NO3 ) and rapidly mineralizabie N 
such as urea and uric acid, (2) easily decomposable organic N compounds with a 
low C/N ratio (e.g. protein and amino acid), and (3) resistance fraction or slowly 
mineralizabie organic matter that has high C/N ratio (e.g. lignocellulosic fiber 
complex) (Van Faassen and Van Dijk, 1987). 
When the animal manxire is used as a fertilizer, the identification of 
application rates that maximize yields and minimize the negative effects of 
pollutants is essential. According to Power and Doran, 1984, the average rates of 
application of manure range from 3 to 11 ton ha-^. Bitzer and Sims (1988) 
indicated that applying poultry manure to croplands at rates more than 13.5 ton 
ha-i resulted in NO3-N levels in groundwater in excess of the 10 mg L-i limit 
estabUshed by the USEPA. 
Nitrogen Treinsformations as Affected by Soil pH 
The effect of soil pH on N transformations can be clarified by observing 
the effect of lime application to low pH soils. Liming materials are normally 
added to soils having low pH values to increase their pH and, therefore, to 
enhance many soil properties of the soils. Application of lime improves N use by 
crops in several ways. It increases organic N mineralization by making the pH 
more favorable for microbial growth. Nitrification is affected by increasing soil 
pH because nitrifiers are more sensitive to low pH. In addition, Hming has 
important effects on denitrification, N fixation, and ammonia volatilization. 
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Several benefits firom the lime addition are reported by McLean (1971) 
some of which include: (1) the neutralization of acidity, (2). the increase of base 
satTiration of the soil, (3) an increase in soil pH which affects the solubility of 
most of the plant nutrients in soil, (4) a decrease of Al^^ and Mn^^ toxicities. (5) 
acid weathering of primary and secondary minerals is reduced by the decreased 
of concentration, (6) increases in pH-dependent cation-exchange capacity, (7) 
decreases in pH-dependent anion-exchange capacity, (8) increases in dinitrogen 
fixation, and (9) increases in N mineralization firom plant residues and soil 
organic matter. 
The effect of soil pH on soil microbial activities related to N, e.g., 
mineralization, nitrification, denitrification, and N fixation is obvious. 
Nevertheless, only substantial restriction occurs in soil with very low pH (< pH 
5) because of the wide range of pH values that microorganisms can tolerate. 
Adams and Martin (1984) svmimarize the effect of pH on N transformation: 
1. Mineralization of organic N occurs over the entire soil pH range, but the rate 
progressively decreases below pH 6.0 to 6.5. 
2. Nitrification rate is optimum at pH 6.6 to 8.0; it progressively decreases with 
decreasing pH, becoming insignificant below pH 4.5. 
3. Optimum pH for denitrification by soil microbes is 7.0 to 7.5; the rate is much 
slower below pH 5. 
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4. Dinitrogen fixation by rhizobia is highly pH dependent for some legume-
Rhizobium association. A soil pH of 6.0 or greater is required by some, 
whereas pH as low as 5.0 is still optimum for others. 
5. Ammonia volatilization fi:om soil is highly pH dependent, becoming 
increasingly significant above pH 7.0. 
6. Plant generally preferentially absorbs NH4'^ at high pH and NOs" at low pH. 
To evaluate the effect of liming and, hence soil pH, on N mineralization, 
many studies have been conducted. Nyborg and Hoj^ (1978) studied the effect of 
liming acid soils on N mineralization. Forty acid svirface soils of pH 4.0 to 5.6 
were used in an incubation study with and without lime. In addition, the 
authors conducted three field experiments to study the effect of liming on N 
mineralization. They foxmd that there was no relation between the amounts of 
mineral N released per imit of organic N in 120 days of incubation and soil pH, 
base saturation or soluble Fe, A1 or Mn. They found, however, that increasing 
soil pH to about 6.7 doubled the amount of N mineralized during incubation. 
They also found that in the field experiment, lime increased uptake of soil N by 
15 to 42 kg ha-^ in the first year but only 7 to 10 kg ha-^ in the third year. They 
concluded from the laboratory and the field experiments that soil acidity does 
not inhibit N mineralization although liming increases mineralization of organic 
N. Similar results were reported by Cornfield (1959) when 1% CaCOa was added 
to 25 acidic soils in an incubation experiment. He reported that soils having pH 
> 6.5 showed no difference in N mineralized per unit of total soil N. On the other 
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hand, soils of pH < 6.5, N mineralization per iinit of total soil N increased. This 
increase was much more when lime was added prior to incubation. When all 
soils were taken into account, there was a highly significant negative correlation 
between original soil pH and N mineralized per unit of total N. 
In a greenhouse study. Bailey (1995) studied the effect of liming on N 
efficiency by perennial ryegrass. The experiment was conducted using three 
lime rates (0, 2, and 4 g kg-^ soil), three gypsimi rates (0, 2, and 4 g kg-^ soil), and 
four N rates as NH4NO3. The effects of these treatments on yield, N uptake, and 
shoot chemical composition were reported at consecutive harvests. He foimd 
that at both harvests, liming significantly increased plant yield and N uptake. 
The author concluded that liming affects N recovery by ryegrass in at least two 
different ways, each of them associated with a different phase in the soil N 
mineralization-immobilization turnover (MIT) cycle. During phases of net N 
mineralization, liming by increasing soil pH enhances biomass activity and 
increases the amount of organic N mineralized. In contrast, during phases of net 
N immobilization, liming by increasing Ca availability in the rhizosphere 
improves the ability of plants to absorb N, and thus helps them to compete more 
effectively with the biomass for mineral N. 
In a study conducted to evaluate the effect of liming on yield and N uptake 
by oats, and therefore on N mineralization, Lyngstad (1992) used 12 acid surface 
soils (pH 4.7 to 6.0). The measvirement of N mineralization was done by 
incubation of soil samples taken after harvest each year from the different lime 
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treatments. The results of the study showed that N uptake was significantly 
correlated with total N in the soil. Liming increased the N concentration of 
grain and the N uptake significantly during a four-year period, indicating the 
effect of lime on N mineralization. 
In two long-term field experiments on a clay soil to study lime-N 
interaction effect on the yield and composition of herbage, Stevens and Laughlin 
(1996) concluded that liming increased N availability either by increasing 
mineralization of soil N or by improving the uptake of ammonium and nitrate by 
roots. Stanford and Epstein (1974) studied the relationships between soil N 
mineralization, soil water content, and matric suction using 9 soils differing in 
their chemical and physical properties. They found that the highest N 
mineralization rate occurred between matric suction of 1/3 to 0.1 bar, in which 
range 80 to 90% of the total pore space was filled with water. In the range from 
optimum soil water content to 15 bars, a near-linear relation generally existed 
between amounts of mineral N accumulated and soil water content. 
Soil N mineralization is also affected by temperature. Cassmann and 
Munns (1980) found that the optimum temperature range for N mineralization 
was from 30 to 35°C. Using the incubation method of Stanford and Smith (1972) 
for 14 weeks at 20 and 30°C, Rojas (1986) reported that the amoiint of N 
mineralized was greater at 30°C than that at 20°C in each of 13 Iowa and 7 
Chilean sxirface soils. 
Soil pH is one of the important factors that affect the kinds, amount, and 
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activities of microorganisms responsible for organic matter transformations. 
Soil pH affects the mineralization of organic matter and the availability of N to 
plants by influencing microbial activity and soil chemical properties. Waksman 
(1923) reported that the optimiim pH for mineralization of N is slightly in the 
alkaline side. However, Cornfield (1952) reported that NH4"^ accumulation is 
generally high in acid and low in neutral and alkaline soils and that addition of 
lime to acid soils makes a positive response in NOs" and mineral N accumulation. 
Voorhees et al. 1907, as cited by Saleem (1983), reported that liming increased 
the productivity of mineral N, and the liming effect varied largely among the 
soils. In addition, liming enhanced nitrification in most of the soils. These 
findings were in accord with the findings of Allison and Sterling (1949) and 
Cornfield (1952). 
Fu et al. (1987) investigated the effect of pH on N mineralization in crop-
residue-treated soils. By using the soil column-incubation approach proposed by 
Stanford and Smith (1972) for 20 weeks at 30°C, they compared N 
mineralization in soils amended with different types of crop residues (corn, 
soybean, sorghum, or alfalfa) at three adjusted pH values (4,6, and 8). They 
foxmd that the total amounts of N minersdized in crop-residue-treated soils and 
in three untreated soils at three soil pH values after the end of incubation were 
generally pH-dependent. The effect of pH on N mineralization of crop-residue-
treated soil was in the order pH 8 > pH 6 > pH 4. They observed that N 
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mineralization was significantly depressed at soil pH 4, in comparison to other 
pH values used. 
Tabatabai and his co-workers (Zhu et al., 1995; Martinez and Tabatabai, 
1997) studied several types of biotechnology by-products produced in Iowa. In a 
greenhouse experiment, Zhu et al. (1995) evaluated seven biotechnology by­
products , the product in parentheses [precoat (sugar), mycellium (citric acid), 
slop (citric acid), hydrolized soybean soil meal (peptide), fermentation soluble 
(lysine), sterilized microbial biomass (enzymes), and fermentation soluble 
(glutamate)]. Corn was grown on three Iowa surface soils at eight rates of N 
added in by-products or urea-ammonium nitrate ranging from 0 to 500 mg of 
total N pot-i. After 32 d, the crop was harvested.. The results showed that both 
dry matter and N yield increased with increasing the rate of N in the by­
products applied to soil. The study also showed that among the by-products 
used, fermentation soluble (lysine) and fermentation soluble (glutamate) were 
superior N sovirces. 
Recently, Martinez and Tabatabai (1997) studied organic C mineralization 
of several biotechnology by-products and their effects on the activities of 
glycosidases in soils. In this study, a soil sample was mixed with biotechnology 
by-product at a rate of 9 g organic C kg-^ soil. The soil-by-product mixture was 
incubated at 20°C for 30 d. They foimd that the amount of CO2-C evolved 
ranged from 0.5% of total organic C added with filter used for enzymes in Weller 
soU to 73.6% with fermentation soluble (lysine) in Grimdy soil. They also found 
19 
that the potentially mineralizable organic C values (Co ) of the biotechnology by­
product-treated soils ranged from 1.2 to 33.4 g C kg-i . In addition, they found 
considerable amounts of several enzymes in the biotechnology by-products that 
contributed to the decomposition of organic C in the biotechnology by-products 
added to soils. 
When animal manures appHed to soil, most of the organic N in manure 
becomes available in 2-4 weeks after application. Under favorable condition for 
mineralization, only half of the total N is converted to a plant-available form at 
the end of 2-3 months (Tisdal et al., 1993). 
Stockdaile et al. (1995) studied plant N uptake and mineralization in a pot 
experiment using two soils of contrasting textures with a range of ^^N-labelled 
manures: poultry manure, cattle slurry, fresh pig manure, composted cattle 
manure, sewage sludge, straw, cabbage residues, pea residues and grass-clover 
turf. A range of manure and soil properties were determined before the 
incubations to examine if any combination of these properties would be useful to 
predict the amount and timing of N supply. Three replicate pots with and 
without ryegrass were used. Soil mineral N and ryegrass yield, N uptake and 
enrichment were measured throughout the 16 weeks incubation. They found 
that the total amount of mineral N produced in pots in the absence of ryegrass 
ranged from 92 to 330 kg N kg-^. Nitrogen uptake by the ryegrass ranged from 
34 to 178 kg N kg-i. The authors concluded that the most important of the 
measured factors for predicting N release from animal manures were: NO3" 
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concentrations of the soil-mannre mixtiires at the beginning of the incubations. 
C/N ratio, and the N concentration of the animal manure. 
Change and Janzen (1996) studied long-term fate of N from annual feedlot 
manure apphcations at a site Alberta, Canada. The N balance in soils receiving 
long-term, repeated manure applications, was determined as affected by 
application rate and moisture regime. An N balance was constructed for the 
site, in which different rates of 1 to 2 year old manure (up to 180 t ha-i per year) 
have been applied annually to irrigated and non-irrigated clay loam (Typic 
HaploboroU) since 1973. The results showed that under non-irrigated 
conditions, all the N applied in animal manure was accounted for by crop 
uptake, soil organic N, and soil NO3-N. Losses of N by leaching or volatilization 
were small. In contrast, under irrigation at higher rates of manure application, 
N loss by leaching and volatilization were very high. The authors also found 
that the proportion of manure N mineralized was independent of application 
rate and irrigation regime. During a period of almost 20 years, 56% of the N 
applied in manure was mineralized. 
Nitrogen Mineralization Rates and Potentials of Soils 
The mineralization of soil organic N, whether the indiginous soil organic 
N or the applied organic N, is of great importance. To establish more accurate N 
recommendtion for crops, a quantitive evaluation of N" mineralization in soils is 
needed. 
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The soil N mineralization potential. No, has been defined as the quantity 
of soil organic N that is susceptible to mineralization according to the first-order 
kinetics (Stanford and Smith, 1972). The quantity of soil N mineralized in a 
given time is affected by several factors. N mineralization potential values can 
be calctdated based on the hypothesis that the rate of N mineralization is 
proportional to the quantity of N comprising the mineralizable substrate 
(Stanford and Smith, 1972). 
The incubation methods are based on the similarity of the microbial 
activities that take place in the field and those responsible for mineralization of 
fresh soil samples under laboratory conditions. The incubation methods can be 
divided into two categories. The first group involves short-term incubation of 
soils for one to two weeks. The second group involves long-term incubation of 
soils for two to 30 weeks or more. 
The patterns that N mineralization follows during incubation (Chae and 
Tabatabai, 1986) are: (1) initial immobilization during the beginning of 
incubation, followed by mineralization thereafter (Haque and Walmsley, 1972; 
Chae and Tabatabai, 1986; Proven, 1991); (2) rate of release that decreases with 
time; (3) a steady, linear, release with time over the entire incubation period 
(Tabatabai and AL-Khafaji, 1980); or (4) a rapid release of nitrate during the 
first few days, followed by a slower, linear release (Feigin et al., 1974; Stanford 
and Smith, 1972) (Chae and Tabatabai, 1986). 
Stanford and Smith presented a method for obtaining No based on the 
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equation: 
Log (No -Nt) = log No - kt'2.303, 
where Nt is the cxunulative amount of n mineralized during a specified period of 
incubation, t, and k is the rate constant. 
After several consecutive incubation at 35°C over a period of 30 weeks 
with intermittent leaching and determination of N mineralized, No was 
estimated firom the regression of log (No -Nt) on t. 
After the introduction of the concept of potentially mineralizable N (No) 
by Stanford and Smith (1972), several approaches have been used to 
mathematically estimate No from the ciunulative amount of inorganic N (Nt) 
mineralized by a soil at various times, t. 
Jones (1984) reanalyzed the results of Stanford and Smith (1972) to 
obtain independent estimates of the sizes of the different N pools. The nonlinear 
statistical procedure was used to estimate Ni, N2, and k2 in the following 
equation for each soil sample: 
Nra = Nl+ N2 -(Nz e-^^0, 
where Nm is cumulative N minersdized (mg N kg-^ soil), Ni is the size of the 
initial flush of mineralization (mg N kg-^ soil), Nz is the size of the active N 
fraction (mg N kg-i soil), kz is the rate constant for the decomposition of the 
active N fraction (d-^) and t is cumulative incubation time. Using the residual 
sums of squares as criterion for best fit, this study showed that the two-pool 
model gave more accurate estimates of cumulative mineralization than one-pool 
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model. 
Frankenberger and Abdelmagid (1985), using a modification of the 
method of Stanford and Smith (1972), studied the relationship between the 
chemical composition of specific constituents of various legximes and their 
mineralizable N capacity. They incorporated fresh leguminous plant residues 
into soil colxunns at 23°C for up to 20 weeks. In this work, N mineralization 
rates were described by first-order kinetics to estimate No and the other 
parameters. The kinetic parameters were calculated using both the linear least 
squares and nonlinear least squares transformation. They found that No values 
varied among the different crop residues from -35 to 510 mg N kg-^ soil. They 
also reported that No values were in the order of foliage > roots > stems for both 
linear and nonlinear transformations. Fxorthermore, they found that the 
cximulative amount of N released was significantly correlated with the total N 
content of the plant material (r = 0.93). 
Deans et al.(1986) studied the abihty of some models to predict 
potentially mineralizable N and decomposition rate constant. In their study, two 
mathematical models were used in estimating the mineralization time curves. 
These models are single exponential equation: 
Nt = No (1-e-^O. 
And the double exponential equation: 
Nt = NoS (l-e-^^O + No (1-S) (1-e-^O, 
where Nt is the N mineralized in time (t), No is the potentially mineralizable N, 
and S and (1-S) are the fractions of the labile and recalcitrant organic N 
compoxxnds decomposing at specific rates h and k, respectively. They obtained 
the data they used in this study from published and vmpublished incubation 
studies. They found that the double exponential models more closely fits N 
mineralization data obtained from laboratory incubation study. They also found 
that the single exponential equation gave a systematic underestimation of No 
and overestimation of the decay rate (k). Their final conclusion is that there are 
at least two organic N pools contribute to Nt in soil incubation studies. 
Chae and Tabatabai (1986) conducted an aerobic incubation study to 
assess the mineralization of N in various sewage sludges, animal manures, and 
plant materials added to soils. Five surface soils were used which represent the 
major soil series in Iowa. The leaching method of Stanford and Smith (1972) 
was used for 26 weeks at 30°C. They found that mineralization of N exhibited a 
slow initial rate, which was an indication of lag period, followed by a rapid 
increase in rate, and subsequent slow rate of N release. The total N 
mineralization from organic waste materials varied markedly, depending upon 
the type of soil and organic waste material. 
Chae and Tabatabai (1986) employed the nonlinear regression approach 
described by Smith et al., 1980 to solve the first-order model. However, the first-
order model failed to produce a fit meeting the convergence criterion for cow or 
horse manure-amended Harps soil. Similarly, Proven (1991) reported that the 
same model (first-order model) failed to produce a fit meeting the convergence 
criterion for control, horse manure- and cow manure-treated soils at 20°C and 
also some of the same treatments at 30°C. 
Bonde and Lindberg (1988) reanalyzed the data obtained by Chae and 
Tabatabai (1986). They fitted the data using different regression models by 
means of nonlinear regression analysis. In their comparison, Bonde and 
Lindberg (1988) employed and compared three different models to the commonly 
used first-order model. These models were a mixed-order, one-component model 
Nm = No \\-exp {-h\t-h2ty2)\, 
A mixed/first-order, two-component model: 
Nm = Na [1-exp i-hit-h2ty2)] + Nt[1-  exp  { -k t ) ] ,  
And a simplified special case of the previous, mixed/linear, two-component 
model: 
Nm = Na. [1-exp (-hit-h2ty2)] + C t t < ti 
where Nm and Na. are the amounts of minerahzable N present in the soil at time 
t and time 0; iVa and NT are the amounts of mineralizable N initially present in 
the available and resistant fractions, respectively; t\ is length of incubation; rate 
constant hi and hz belong to the mixed-order model; ^ is a first-order rate 
constant; and C refers to the slope of the linear tail following the pattern 
described by the mixed-order equation. They found that the data from three 
soils, unamended or amended with manxire, were best described using the 
mixed/first-order or the mixed/linear model. They also pointed out that the fit 
was significantly better than that of first-order, one-component model. In 
addition, by using the previous models, they observed that the values of 
potentially mineralizable N (No) varied between 108 and 240 mg N kg-^ soil in an 
unamended soil, depending on the model used. 
EUert and Bettany (1988), using forested and cultivated soils, studied 
several kinetic models for describing S and N mineralization observed during 
laboratory incubations for 37 weeks at 30°C. They evaluated several kinetic 
models for their ability to describe continuously decreasing rates, a large initial 
flush of mineralization, a lag period within the first 13 weeks of incubation, or a 
constant rate of release near the end of incubation. They found that 
mineralization in the forest E horizon was best fitted using a modified first-order 
model. In addition, initial flushes of mineralization were best described by 
consecutive reaction or Gompertz model. They strongly suggested fitting 
nonlinear kinetic models to incremental data instead of conventional approaches 
that use cumulative data obtained by summing the incremental observation. 
Diaz-Fierros et al. (1988) examined the mineralization of N in acid soils 
after the addition of cattle slurry. In this investigation, the mineralization of N 
in humic cambisol, with and without addition of the whole slurry or its firactions, 
was investigated using a method based on that of Keeney and Bremner (1967). 
Cattle slurry was split into three firactions. Fraction Fi, the coarse fraction, was 
retained on a 1 mm sieve and contained 13.6% of the dry matter of the slurry. 
Fraction Fa, was the liquid firaction, passed through a 24 mn membrane under a 
pressure of 1.5 MPa. It accoxmted for 16.8% of the total dry matter of the slurry 
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and should be mobile within the soil profile. The intermediate fraction Fa, a 
semi-liqiiid substance with a certain limited mobiHty in the profile and 
accounted for 69.6% of the dry matter. They adopted the following model: 
iVm = No S a -e-^70 + No a-S) (1-6-^2 ^ ^-P)) t > p. 
where Nm is net mineralizable N after time t (days). No the potentially 
mineralizable N, S and (1-S) the proportions of potentially minerahzable N in 
the labile and recalcitrant firactions respectively, p the lag of the slow process, 
and ki and k2 the kinetic constants of the fast and slow processes, respectively. 
They found that the cumulative mineralized N cxirves for soil samples enriched 
with the various slurry fractions reflect complex kinetics involving at least two 
main substrates. They also foxmd that Fi clearly induced immobilization of N 
during the first 130 days of incubation. Fa first induced a brief period of 
mineraKzation and then stabilized N levels, giving rise to a reduction in net 
mineralization N. The addition of F2 produced results intermediate between 
those of the other two fractions. In addition they observed that the only slurry 
fi*action whose addition increased the value of No was F2. 
Proven (1991) studied N mineralization of four soils amended with 
animal manures (horse, chicken, pig, and cow maniires) at different rates (160, 
320, and 480 mg N kg-i soil. Sixteen weeks aerobic incubation study was used. 
The pattern of N mineralization observed in the study varied greatly with both 
the type of manure and the temperature of incubation. The No values obtained 
using the nonlinear regression approach varied considerably among the manures 
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and soils. 
Benedetti and Sebastiani (1996) recently studied potentially 
mineralizable soil N during incubation for 30 weeks. In this study, a first-order 
kinetics model was used and a modeling study was performed using three 
statistical methods to estimate potentially mineralizable N and the rate constant 
{k). These methods were: the maximtmi-likelihood approach, nonlinear least 
square data fitting, and linear logarithmically transformed data. The results 
obtained from this study suggested that the non-linear least square method was 
the best. 
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PART I. EFFECT OF SOIL pH ON MINERALIZATION OF 
NITROGEN IN BIOTECHNOLOGY BY-PRODUCTS 
AND ANIMAL MANURES 
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INTRODUCTION 
It is well known that plants take up N principally as inorganic forms, 
namely, NH4'^ or NO3-. Nevertheless, more than 95% of the total N in soils is 
organic in nature. Thus, N mineralization rates and N mineralization potential 
(No) are essential parameters in predicting plant nutrition needs and the 
amount of N fertilizer required for optimal plant yield and ultimately maximum 
profit. 
Mineralization of N in soils is primarily a biological process, and the soil 
chemical and physical properties have a substantial effect on the amount of N 
mineralized in soils at a given time. Soil pH, temperature, and moisture 
considered the most important factors that may influence N mineralization in 
soils. Numerous studies have been done to study nitrogen mineralization in 
soils without amendments or soils amended with crop residues, sewage sludges, 
or animal manures (Stanford and Smith, 1972; Chae and Tabatabai, 1986; Fu et 
al., 1987). Most of those studies involved soils with different properties, and 
seldom, if any, work has been done on one soil that differed only in pH values. 
To my knowledge, the N mineralization in soil amended with biotechnology by­
products has not been studied. 
Several mathematical relationships between the amount of N mineralized 
and time of incubation have been derived. The first-order equation proposed by 
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Stanford and Smith (1972) to describe N mineralization has been used in the 
literatiure extensively. The equation can be written as: 
Nm = No [l-exp(rkt)\, 
where Nm denotes the cximulative amount of N mineralized at a specific time, t. k 
is the first-order rate constant, and Nq is N mineralization potential. 
In addition to the soil-column leaching technique proposed by Stanford 
and Smith (1972) for mineralization of N to be used with the mathematical 
equation described above, N mineralization can be obtained from plant uptake of 
N in controlled greenhouse measurement. The objective of this study was to 
assess the effect of soil pH on the N mineralization rates and the potentially 
mineralizable N (iVo) of soils treated with biotechnology by-products or animal 
manures. 
32 
MATERIALS AND METHODS 
Soils 
The soil samples used in this work were sxirface soil (0-15 cm) samples 
obtained from the Northeast Research Center (NERC) in Nashua, Iowa. A soil 
studied is classified as Kenyon loam (Fine-loamy, mixed, mesic Typic HapludoU). 
The field experiment was initiated in 1984 to study the effect of lime rates and 
soil pH on corn and soybean yields. Lime was added to soil at rates of 0, 1120, 
2240, 4480, 6720, 8960, 13440, and 17920 kg ECCE (Effective Calcixmi 
Carbonate Equivalent) ha-^. These treatments were replicated four times in 6 m 
by 15 m plots. The current study was undertaken to evaluate the effect of pH on 
N mineralization. Therefore, soil samples were chosen in such a way that they 
differed in their pH values. The soil samples were taken in May 1998 only from 
the plots that received 0, 4480, and 17920 kg ECCE ha-^ to correspond to soil pH 
values of ca. 5, 6, and 7. Two garbage cans (about 50 kg of soil) of soil samples 
were taken from each of the four plots of each treatment. A soil sample was 
taken firom each plot and passed through a 1.5 cm screen fitted with an electric-
powered shredder (Linding Manufacturing Corporation), and then mixed 
thoroughly. A moist subsample of each soil from each plot placed in 
polyethylene bags and stored at 4°C; part of this was air-dried and ground to 
pass a 2-mm sieve, a portion of which was ground to pass an 80-mesh (180 ^im) 
sieve. The field-moist soil samples of each treatment (samples taken from the 
fovu: reps (I, II, III, and IV) were then mixed thoroughly, and a moist subsample 
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(about 2 kg) placed in polyethylene bags and stored at 4°C; part of this was air-
dried and ground to pass a 2-nim sieve, a portion of which was ground to pass an 
80-mesh (180 jim) sieve. The soil samples, after mixing the reps of each 
treatment, were then put in large container lined with polyethylene bags and 
stored at room temperature in the Agronomy greenhouse to be used in the 
experiments. The chemical properties of the soil sample of each can (each of the 
four replicated plots) and the mixture of each field treatment were analyzed. 
The properties of the soil are presented in Table 1. The pH values were 
determined by a combination glass electrode (1:2.5, soil: water or 0.01 M CaCla 
ratio). Moisture content was determined from loss of weight after oven-drying at 
105°C for 48 hours. Total P was determined by the HC104-digestion method (Olsen 
and Sommers, 1982), while available P was determined by the Bray-Kurtz-I 
method (Bray and Kurtz, 1945). Total N was determined by using the semimicro-
Kjeldahl method (Bremner and Mulvaney, 1982), and organic C content was 
determined by a modified Mebius method (Nelson and Sommers, 1982). Cation-
exchange capacity was determined by the method of Chapman (1965), by using 
neutral, 1 M NH4OAC. The NH4 -N on the exchange complex was extracted with 
acidified, 10% NaCl and determined by a steam distillation method. 
Exchangeable Ca, Mg, K, and Na were determined in the NH4OAC extract by 
atomic absorption spectrophotometry . All analyses were carried out on the < 2 
mm samples, except those for total N, organic C, total P, and available P, which 
were done on the < 80 mesh samples, and are expressed on a moistxire-free basis 
Table 1. The properties of the soil used 
Lime treatment Field 
kg ECCE ha ^ replicate 
PH^ Org. 
C 
Nitrogen as 
H2O CaCl2 Total NH4-•N NO3-N 
-—g kg"^ soil - --mg kg'^ soil --
0 I 4.7 5.0 16.8 1.73 14.6 31.0 
II 5.4 4.6 16.0 1.75 16.5 27.7 
III 5.2 4.5 18.3 1.62 14.1 32.9 
IV 5.4 4.7 18.1 1.74 13.5 30.6 
Mixture^ 5.4 4.8 17.2 1.60 13.9 29.2 
4480 I 6.5 6.0 17.8 1.81 14.1 31.7 
II 6.5 5.9 17.0 1.71 12.8 29.3 
III 6.3 5.6 17.8 1.80 13.0 29.6 
IV 6.0 5.4 16.8 1.76 12.3 31.8 
Mixture"^ 6.5 5.9 16.4 1.85 13.5 29.6 
17920 I 7.2 6.8 15.4 1.54 9.9 30.8 
II 7.4 6.7 16.9 1.53 13.3 30.4 
III 7.3 6.8 18.0 1.66 12.4 25.4 
rv 7.3 6.8 17.4 1.53 11.8 33.4 
Mixture'^ 7.4 6.9 17.5 1.60 12.0 29.8 
^Soiliwater or soilrO.OlM CaCl2 ratio, 1:2.5. 
''The mixture of all four replicates; this corresponds to soil pH value of 5. 
"^The mixture of all foxir replicates; this corresponds to soil pH value of 6. 
"^he mixture of all four replicates; this corresponds to soil pH value of 7. 
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C:N Phosphorus as Exchaneable bases 
ratio Total Bray-I CEC Ca Mg K Na 
—mg kg'^ soil" 
10.0 531 20.7 15.4 12.8 2.54 0.44 0.05 
9.5 596 19.8 16.3 12.9 2.42 0.42 0.07 
10.9 525 19.6 14.4 14.0 1.73 0.50 0.93 
10.7 528 14.5 16.4 11.4 2.01 0.46 0.29 
10.2 522 16.4 17.6 12.9 2.20 0.65 0.15 
10.6 532 14.8 17.6 12.6 1.92 0.54 0.03 
10.1 593 33.2 16.4 14.9 2.95 0.64 0.05 
10.5 542 20.1 15.2 10.9 2.46 0.39 0.04 
10.0 521 15.0 17.1 15.4 2.71 0.45 0.03 
9.7 572 22.1 16.2 16.5 3.58 0.45 0.00 
9.1 460 29.8 16.1 13.2 2.95 0.72 0.02 
10.0 538 28.5 16.0 14.9 2.90 0.47 0.01 
10.6 611 41.3 18.1 14.4 3.13 0.42 0.15 
10.3 527 21.7 17.7 14.4 3.27 0.50 0.00 
10.4 531 27.9 17.8 19.4 4.66 0.49 0.02 
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Biotechnology By-products 
Five biotechnology by-products were selected to obtain wide ranges in 
total N, inorganic N, and organic N values. These were sterilized microbial 
biomass (SMB), slops (SS), hydrolyzable soybean oil meal (HSOM), Ajinomoto 
proto ferm (APF), and Heartland lysine ferm (BDLF). Upon collection, these by­
products were stored at 4°C. AH the biotechnology by-products used are liquid 
except HSOM which was soUd. The origin and properties of these by-products 
are presented in Tables 2 and 3. Solid content was determined by loss of weight 
after oven-drjring at 65°C for 48 hours, pH by a glass-electrode, total N by a 
semimicro-Kjeldahl method (Bremner and Mulvaney, 1982), and inorganic N by 
steam distillation after extraction with 2 M KCl (Keeney and Nelson, 1982). 
Total P was determined using the HC104-digestion method (Olsen and Sommers, 
1982), soluble orthophosphate-P in liquid by-products by the method described 
by Olsen and Sommers (1982), while inorganic P of solid by-products was 
determined by placing 1.0 g of the material and 25 mL 0.5 MH2SO4 in a plastic 
centrifuge with the screw cap, the biotechnology byproduct-acid mixtxire was 
shaken for 3 min and centrifuged for 30 s at 17,390 g (Dick and Tabatabai, 
1977). The supernatant was immediately decanted, and an aliquot was taken 
for analysis by the method of Murphy and Riley (1962) after neutralization by 
using a few drop of 5 M NaOH with p-nitrophenol as an indicator. 
Table 2. The biotechnology by-products used 
Biotechnology by-product Abbreviation Product Raw material Source 
Sterilized Microbial Biomass SMB 
Slops SS 
Ajinomoto Proto Ferm 
Heartland Lysine Ferm 
APF 
HLF 
Enzyme Bacteria 
Citric acid Corn 
Hydrolyzed Soybean Oil Meal HSOM Peptide Soybean 
Glutamate Bacteria 
Lysine Sugar beet 
Genecore, Inc. 
Cedar Rapids, lA 
Cargill, Inc. 
Eddyville, lA 
Heartland Lysine, Inc. 
Eddyville, IA 
Ajinomoto, Inc. 
Eddyville, lA 
Heartland Lysine, Inc. 
Eddyville, lA 
CO 
Table 3. Selected chemical properties of the biotechnology by-products used 
Biotechnology Solid Nitrogen as Phosphorus as 
by-products pH content Total NH4-N NO3-N Total Inorganic 
gkg  '  
SMB 4.78 102 9.17 0.44 0.02 1.71 0.655 
SS 4.22 369 18.4 1.53 0.04 1.22 0.965 
HSOM 1.50 97 22.0 1.21 0.06 3.69 0.614 
APF 4.46 417 50.8 37.2 0.52 2.88 0.717 
HLF 4.40 450 56.2 40.5 0.56 2.21 0.894 
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Animal Mamires 
Three animal manxires: dairy (DM) (Bos taurus), swine (SM) (Sus scrofa), 
and chicken (CM) (Gallus domesticus) maniures were selected in this study. The 
dairy and swine manure collected from ISU Dairy Farm and Swine Nutrition 
Farm, Ames respectively. The chicken manure was collected from the ISU Poultry 
Farm, Ames. All manure samples were placed in the well-ventilated hood after 
spreading on a tray lined with Saran Wrap vmtil dry, then groimd to pass a 2-mm. 
A portion of this air dried sample was groimd to pass through an 80-mesh screen. 
Properties of these manvire samples are presented in Table 4. Moisture content 
was determined by loss of weight after oven-drying at 65°C for 36 hours,.pH by a 
glass electrode (manure/water, 1:5), total N a semimicro-Kjeldahl procedure 
(Bremner and Mulvaney, 1982), and inorganic N (NH4-N and NO3-N) as 
described by Keeney and Nelson (1982). Total P was determined using the 
HC104-digestion method (Olsen and Sommers, 1982), and inorganic P by placing 
1.0 g of the material and 25 mL 0.5 MH2SO4 in a 50-mL plastic centrifuge with 
the screw cap, shaking for 3 min, and centrifiiging for 30 s at 17,390 g (Dick and 
Tabatabai, 1977). The supernatant was immediately decanted, and an aliquot 
was taken for analysis by the method of Mxirphy and Riley (1962) after 
neutralization by using a few drop of 5 M NaOH with p-nitrophenol as an 
indicator. 
Table 4. Selected chemical properties of the animal manures used 
Animal Water Nitrogen Phosphorus 
manures Abbreviation pH content Total NH4-N NO3-N Total Inorganic 
% g kg 1 
Dairy DM 8.70 7.0 19.2 0.13 0.06 7.73 4.56 
Swine SM 6.02 6.3 26.3 3.65 0.15 20.2 9.88 
Chicken CM 7.67 7.4 34.8 3.20 0.34 19.0 8.37 
"Manure:water ratio, 1:5 
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Nitrogen Mineralization under Laboratory Conditions 
Nitrogen mineralization was studied by incubating soil samples mixed 
with acid-washed sand and treated with (or without for control) biotechnolog\-
by-product or animal manure. In this experiment, a 20-g sample (on an oven-dr\* 
weight) of a field-moist soil and 10 mg of organic N in biotechnology by-product 
or animal manure (equivalent to 500 mg N kg-i or 1000 kg N ha-^) were mixed 
thoroughly. The biotechnology by-product- or animal manure-treated soil was 
then mixed thoroughly with 20 g of silica sand. The soil-sand mixture was 
placed in a leaching tube (3.5 cm diam. and 15 cm length) and retained by a 
glass wool pad (Figure 1). Controls were included by using soil-sand mixtures 
without treatment with biotechnology by-product or animal manure. All 
treatments were done in duplicate. The soil colvunn thus obtained was placed on 
a suction flask by using a no. 6 rubber stopper. The soil, sand mixture was 
leached with 100 mL of 5 xnM CaCb, adjusted to the pH of the soil, 5, 6, or 7 
using diluted H2SO4 or KOH, in four to five increments to remove the initial 
mineral N. A suction of 6 kPa (60 cm Hg) was applied to remove the excess 
moisture, the volume of the leachate thus obtained was adjusted to 100 mL with 
deionized water; and the colximn was covered with a piece of Saran Wrap with a 
single hole (0.5 cm diam.) for aeration. 
For incubation, the leaching tube was placed in an upright position, and 
incubated at 20 or 30°C. After two weeks of incubation, the soil column was 
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Figure 1. Diagram of the leaching tube and suction flask used for 
leaching the soil-sand mixture before and after incubation 
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placed on a 250-mL suction flask, and the soil-sand mixture was leached with 
100 ml, of 5 mikf CaCl2 in four to five increments. Again, suction was applied to 
produce a vacuum of 60 cm Hg, and the leaching tube was covered with Saran 
Wrap with a hole for aeration and placed in the incubation rack (Figure 2), and 
incubated at 20 or 30°C. The leaching procedure was repeated every 2 weeks for 
a total of 20 weeks. The leachate was analyzed for NH4"^ - and NOa'-N by using 
steam distillation (Keeney and Nelson, 1982) and the pH of the leachate was 
determined by a combination glass electrode . After the completion of the 
experiment, the soil pH was measured by a combination glass-electrode (1:2.5, 
soil: 0.01 M CaCl2 ratio). 
The nonlinear regression approach described by Smith et al. (1980) was 
used to solve the equation for mineralizable N pool {No) and first-order rate 
constant (Jk) 
Nm — No {1-exp i-k t ) ] ,  
where Nm = amount of N minerahzed at a specific time it). The Statistical 
Analysis System computer language was used to calcxilate No and k (Barr et al., 
1976). 
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RESULTS AND DISCUSSION 
In general, N mineralization follows one of four patterns: (1) 
immobilization of N followed by mineralization in the later periods, (2) rate of 
release decreases with time, (3) a steady, linear release with time over the entire 
incubation period, or (4) a rapid release of nitrate during the first few days, 
followed by a slower, linear response (Chae and Tabatabai, 1986). 
The patterns of N mineralization observed in the 20-weeks of aerobic 
incubation of soils amended with biotechnology by-product or animal manure 
varied markedly with the type of biotechnology by-product and animal manure, 
soil pH, and the temperature of incubation. Figures 3-11 illustrate the 
cumulative organic N mineralized in the soils during the 20-week incubation at 
20°C £Lnd 30<^C. With the exception of HSOM-treated soils, the cumulative N 
mineralization patterns in biotechnology by-product-treated soils were 
curvilinear with a high initial release of N in comparison to the control (no 
amendment). A high release of N occurred in the first six weeks, followed by a 
somewhat flatter linear curve in the following 14 weeks of incubation. For 
HSOM, the cumulative N minerahzation patterns were slightly linear without 
large amoiint of N being released in the first leaching. 
The patterns of cumulative N mineralization in animal manure-treated 
soils were varied according to the ts^pe of manure. The cumulative N 
mineralization patterns in chicken manure-treated soils were similar to those 
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Figure 3. Cumulative amounts of N mineralized in unamended soils at various pH values 
incubated at 20 or 30®C for 20 weeks 
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Figure 4, Cumulative amounts of N mineralized in soils amended with sterilized microbial 
biomass (SMB) at various pH values and incubated at 20 or 30°C for 20 weeks 
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Figure 5. Cumulative amounts of N mineralized in soils amended with slops (SS) at various pH 
values and incubated at 20 or 30®C for 20 weeks 
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Figure 6. Cumulative amounts of N mineralized in soils amended with hydrolyzed soybean oil 
meal (HSOM) at various pH values and incubated at 20 or 30°C for 20 weeks 
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Figure 7. Cumulative amounts of N mineralized in soils amended with ajinomoto proto ferm (APF) 
at various pH values and incubated at 20 or 30°C for 20 weeks 
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Figure 8. Cumulative amounts of N mineralized in soils amended with heartland lysine ferm (HLF) 
at various pH values and incubated at 20 or 30®C for 20 weeks 
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Figure 9. Cumulative amounts of N mineralized in soils amended with dairy manure (DM) at 
various pH values and incubated at 20 or 30®C for 20 weeks 
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Figure 10. Cumulative amounts of N mineralized in soils amended with swine manure (SM) at 
various pH values and incubated at 20 or 30°C for 20 weeks 
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Figure 11. Cumulative amounts of N mineralized in soils amended with chicken manure (CM) at 
various pH values and incubated at 20 or 30°C for 20 weeks 
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observed for biotechnology by-products, the patterns for DM were similar to 
those for HSOM and control, whereas the patterns for SM were intermediate 
between CM and DM. 
Effect of Soil pH 
The cumulative N mineralization patterns of the soils amended with 
biotechnology by-product or animal manvire were the same, regardless of the 
incubation temperatixre and soil pH value. However, the magnitude of the N 
mineralization varied with incubation temperature and the soil pH. The effect of 
soil pH on total amount of N mineralized in the soils treated with each of the five 
biotechnology by-products and animal manure during the 20-weeks of 
incubation at 20°C and 30°C, and the Qio values are shown in Table.5. The total 
N mineralized in biotechnology by-product-treated soils at 20°C ranged from 71 
mg N kg-i soil at pH 5 amended with HSOM to 1331 mg N kg-^ soil at pH 5 
amended with APF. The corresponding values at 30°C ranged from 93 mg N kg-i 
soil at pH 5 amended with HSOM to 1202 mg N kg-^ soil at pH 5 amended with 
HLF. In general, the order of total N mineralized in biotechnology by-product 
and animgd manure-treated soil, according to the pH vedues from higher to 
lower, was: pH 7 > pH 6 > pH 5. The results obtained indicate that soil pH 
affected N mineralization in biotechnology by-product and animal manure, but 
this effect not great. Fu et al. (1989) studied the effect of pH on N 
mineralization in crop-residue-treated soils. They foiind that the N mineralized 
56 
Table 5. Amounts of N mineralized in a soil of different pH values 
treated with biotechnology by-products or animal manures 
and incubated under aerobic conditions at 20 and 30°C for 
20 weeks 
Material N mineralized (mg N of soil) at soil pH specified 
applied pH = 5 pH — 6 pH = 7 
Incubation temperatvtre = 20°C 
None 54 47 51 
Biotechnology by-products 
SMB 293 294 319 
SS 443 491 455 
HSOM 71 80 131 
APF 1331 1079 1105 
HLF 1122 1038 1087 
Animal manures 
DM 257 266 263 
SM 322 342 379 
CM 440 452 400 
Incubation temperature = 30°C'' 
None 81 (1.5) 76 (1.6) 84 (1.6) 
Biotechnology by-products 
SMB 273 (0.9) 393 (1.3) 399 (1.2) 
SS 435 (1.0) 495 (1.0) 490 (1.1) 
HSOM 93 (1.3) 118(1.5) 142(1.1) 
APF 896 (0.7) 1011 (0.9) 1073 (1.0) 
HLF 1202 (1.1) 1084 (1.0) 1195 (1.1) 
Animal manvtres 
DM 330(1.3) 294(1.1) 299(1.1) 
SM 405 (1.3) 383 (1.1) 433 (1.1) 
CM 455 (1.0) 468 (1.0) 494 (1.2) 
®Figxires in parantheses are Qjo values. 
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in crop-residue-treated soil followed the order: pH 8 > pH 6 > pH 4. They 
further concluded that the N mineralization in crop-residue-treated soils was 
highly pH dependent. 
The Qio values of N mineralization varied markedly among soil pH values, 
biotechnology by-products, and animal manures. The theoretical value of Qio is 
2.0; however, the closest to this value was obtained when HSOM was added to 
soil with pH 6. The Qio obtained in this work ranged from 0.7 for soil pH 5 
amended with APF to 1.5 for soil pH 6 amended with HSOM. In general, the Qio 
values of N mineralization in soil treated with biotechnology by-products and 
animal manures were between 1.1 and 1.3. Low Qio values were also reported by 
Proven (1990) in studies of N mineralization in four animal manure-amended 
soils and using the same incubation procedure at 20 and 30°C for 16 weeks. He 
found that the Qio values ranged from 0.59 for Webster soil treated with swine 
manure to 2.06 for Webster soil treated with horse manure. 
The percentages of organic N in biotechnology by-products and animal 
manures minerahzed at 20°C and 30°C during 20 weeks of incubation are shown 
in Table. 6. The percentages of organic N minersdized at 20°C in biotechnology 
by-products and animal manures added to soil pH 5, 6, and 7 varied considerably 
and ranged from 3.44% in soil pH 5 amended with HSOM to 255% in soil pH 5 
amended with APF. The corresponding values at 30°C ranged from 2.51% in soil 
pH 5 amended with HSOM to 224% in soil pH 5 amended with HLF. The values 
greater than 100% covdd be due priming effect. In general, the amounts and 
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Table 6. Percentages of organic N mineralized in a soil of different pH 
values treated with biotechnology by-products or animal manures 
and incubated under aerobic conditions at 20 and 30°C for 
20 weeks 
Material 
Applied 
Percentages of organic N mineralized at soil pH specified^ 
pH = 5 pH = 6 pH = 7 
Biotechnology by-products 
SMB 
SS 
HSOM 
APF 
HLF 
Animal manures 
DM 
SM 
CM 
Biotechnology by-products 
SMB 
SS 
HSOM 
APF 
HLF 
Animal manures 
DM 
SM 
CM 
Incubation temperature = 20°C 
47.80 49.56 53.62 
77.78 88.84 80.84 
3.44 6.78 15.90 
255 206 211 
214 198 207 
40.56 43.82 42.34 
53.58 59.12 65.62 
77.32 81.12 69.81 
Incubation temperature = 30°C 
38.41 63.43 63.00 
70.91 83.81 81.20 
2.51 8.40 11.60 
163 187 198 
224 202 222 
49.83 43.61 43.00 
64.79 61.40 69.80 
74.80 78.38 82.01 
®[Total N mineralization in orgsinic material-treated soil - total N mineralized in untreated 
soil) /organic N added in organic material] X 100. 
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percentages of organic N mineralized from the animal manures are within the 
ranges reported by Proven (1990) for N mineralized in four Iowa soils treated 
with animal manures. 
Nitrogen Mineralization Potential 
Nitrogen mineralization potentials (No) and the mineralization rate 
constants (k) of the soil at three pH values (5, 6, and 7) treated with 
biotechnology by-products or animal manxures and incubation at 20 or 30°C are 
shown in Table 7. With the exception of the control treatment at pH 6, all 
treatments obeyed the nonlineai: model described by Stanford and Smith (1972). 
The No values at 20°C calculated for biotechnology by-product- and animal 
manure-amended soil at various pH values varied considerably, and ranged from 
124 mg N kg-^ soil in soil pH 6 amended with HSOM to 1340 mg N kg-i soil in 
soil pH 5 amended with APF, while the k constants ranged from 0.046 week-^ in 
HSOM added to soil pH 5 to 0.767 week*^ in soil pH 7 amended with APF. 
The No and k constants calculated for the N mineralization data at 30°C 
varied also in the same magnitude of variation as mentioned above for the N 
mineralization at 20°C. The No values ranged from 130 mg N kg-i soil in soil pH 
5 amended with HSOM to 1226 mg N kg-^ soil in soil pH 5 amended with HLF. 
The k constant varied from 0.041 week-i in soil pH 6 amended with DM to 0.853 
week-i in soil pH 7 amended with APF. The No obtained in this study for animal 
manures are similar to those reported by Proven (1990) but lower than those 
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Table 7. N mineralization constants for biotechnology by-products and 
einimal manures applied to soil under three different soil pH values 
and incubated aerobically at 20 and 30°C in leaching columns for 
20 weeks 
N mineralization at pH specified 
Materi£d 
applied 
pH = 5" pH = 6 pH = 7 
No k No k No k 
Incubation temoerature = 20''C 
None 82 (8)'' 0.094 C C 90(6) 0.075 
Biotechnology by-products 
SMB 301 (11) 0.320 295 (12) 0.354 300 (13) 0.485 
SS 433 (13) 0.470 487 (11) 0.437 428 (14) 0.678 
HSOM 189 (13) 0.046 124 (27) 0-094 134 (33) 0.231 
APF 1340(11) 0.574 1071 (11) 0.605 1087 (10) 0.767 
HLF 1118 (11) 0.602 1031 (10) 0.589 1076 (11) 0.655 
Animed manures 
DM 458 (8) 0.081 696(8) 0.048 508 (6) 0.073 
SM 703 (6) 0.064 788 (12) 0.059 513 (8) 0.139 
CM 405 (17) 0.666 413 (17) 0.714 378 (17) 0.534 
Incubation temoerature = 30°C 
None 106 (21) 0.130 154 (36) 0.065 159 (31) 0.072 
Biotechnology by-products 
SMB 265 (11) 0.452 381 (15) 0.49 366 (18) 0.757 
SS 429 (11) 0.498 489 (11) 0.462 473 (12) 0.556 
HSOM 130 (26) 0.121 143 (13) 0.157 151 (43) 0.211 
APF 895 (11) 0.602 998 (10) 0.666 1038(11) 0.853 
HLF 1226 (11) 0.435 1073 (10) 0.506 1197 (10) 0.498 
Animal manures 
DM 627 (5) 0.076 880 (13) 0.041 640(5) 0.064 
SM 691 (10) 0.092 593 (10) 0.107 809 (9) 0.08 
CM 429 (14) 0.573 442 (15) 0.484 467 (14) 0.548 
®No mineralizable N pool (mg kg" soil): k, first order-rate constant (week*); 
''Figures in parantheses are the number of iterations required for the nonlinear model to 
converge. 
°the constants could not be calculated because the data did not fit the equation. 
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reported by Chae and Tabatabai (1986). The k constants reported by Chae and 
Tabatabai (1986) are lower than those obtained in this study. 
The No values at 20°C were affected negatively by soil pH, with some 
exception, whereas the k values were affected positively at both temperatures. 
Those findings are in agreement with those reported by Senwo (1995) in studies 
of the effect of lime application on N mineralization in soils. 
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PART II. BIOTECHNOLOGY BY-PRODUCTS AND ANIMAL 
MANURES AS SOURCES OF NITROGEN FOR CORN AS 
AFFECTED BY SOIL pH 
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INTRODUCTION 
Nitrogen (N) is the most important nutrient for plant growth and crop 
production. It is essential part of proteins, chlorophyll, nucleic acids, enzymes 
and many other plant cell constituents. The plant deficient in N is stimted, its 
leaves are yellowish, its growth is slow, and produce less yield. 
The N requirements for crop production can be taken from the air via N2 
fixation, firom the crop residues and other organic materials present in soils after 
their decomposition and the release of inorganic N, or from the N fertilizers 
added to supply plants with their requirements. Another important N source for 
plant is N mineralization, the biological conversion of soil organic N to inorganic 
N forms. Mineralization rates of organic N in soil have been estimated to range 
firom < 2% to as high as 10% per year (Bartholomew, 1965). The quantity of soil 
N mineralized during a given growing season depends on many environmental 
factors and their interactions (Alexander, 1965). 
The application of biotechnology by-products and animal manures to 
agricultural soils can be beneficial to crops in two ways. Firstly, they supply the 
plants by many macro- and micro-nutrients which they are required for plant 
growth. Secondly, biotechnology by-products and animal manures as other 
organic fertilizers play a major role in improving the physical, chemical, and 
biological properties of the soil. The availability of N in biotechnology by­
products and animal manxires to plants is influenced by many factors. Soil pH is 
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one of the principal factors that affect the availability of N to plants. Liming 
acid soils can increase the availability of N to plants by increasing the 
mineralization of organic N and/or improving the uptake of NH4'^ and NO3" by 
roots (Stevens and Laughlin, 1996). 
The objectives of this study were: (1) to determine the effect of soil pH on 
the availabihty of N to corn {Zea mays L.) from selected biotechnology by­
products or animal manures, and (2) to study the relationships between 
mineralizable N under laboratory conditions and plant uptake of N from a soil of 
different pH values treated with biotechnology by products or animal manures 
under greenhouse conditions. 
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MATERIALS AND METHODS 
The soils, biotechnology by-products, and animal manures used in this 
work were those described in Tables 1-4 (Part I). 
Greenhouse Experiments 
The experimental design was a 9 x 5 x 3 factorial, where five rates of nine N 
sources (five biotechnology by-products, three animal manures, and urea-
ammoniiun nitrate) were applied to a soil with three pH values (5, 6, and 7). The 
layout of this experiment was randomized complete block design with three 
replications. 
One kilogram of soil (on an oven-dry basis) was mixed thoroughly on a 
plastic sheet with 0.800 g of Ca (H2P04)2, 5 mg of Fe as Fe-EDTA, and 5 mL of a 
nutrient solution containing: K, Mg, Mn, Zn, Cu, and S as recommended by AUen 
et al. (1976) (Table 8). Nitrogen source was then apphed at rates of 100, 200, 300, 
400, 500 mg N kg-i soil and mixed well with the soil. Plastic pots (11.5 cm deep by 
11 cm diameter) were prepared by lining them with double polyethylene bags to 
prevent fi:ee drainage. Soil sample was transferred to a plastic pot, then gently 
tapped the pot to allow the soil to settle down. Controls (without N) were included 
for each soil pH. After plotting, the soils were covered with plastic sheet to prevent 
evaporation and placed on a bench based on the result of randomization. 
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A week after filling the pots, they were watered with deionized water up to 
0.03 MPa (which was determined for each soil firom the soil water characteristics 
curve). After three days of filling the pots, three com seeds (Pioneer hybrid # 3394) 
were planted per plot at 2.5 cm below the soil surface and the pots were covered 
with a plastic sheet. Three days after germination, the plastic sheet was removed. 
The plants were thinned to two plants per pot a week after germination. 
The pots were weighed daily (several randomly-selected pots) and the water 
content was adjusted by adding deionized water. Supplemental Hghting was 
provided by suspended overhead lights to provide and additional 1250 mmol/m^/s 
of light for 14 hours/day. The minimum and maximum temperatures in the 
greenhouse were measiired daily. The maximum temperature ranged from 28 to 
350c and the minimxun ranged from 18 to 25^0. 
Table 8. Source and amount of nutrients applied to all pots before planting 
Nutrient element Compoimd Amount applied (mg pot-^ 
K K2SO4 140 
pa Ca(H2P04)2 167 
S SO42- 70 
Mg MgS0i.7H20 4.7 
Feb FeS04.7H20 5 
Mn MnS04.H20 3.7 
Zn ZnS04.7H20 4 
Cu CUSO4.5H2O 1.3 
P and Ca added as solid. All others were supplied as solution, 
added as Fe-EDTA. 
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At 40 days of growth, the top portion of the com was harvested by cutting 
the stalk at the soil level. After harvesting, soil sample was taken from each pot. 
then stored at 4°C for pH measxirement. The plant sample was dried in a forced 
air drying oven at 65°C for 3 days, weighed and groimd in a cyclone mill to pass 
through a 16-mesh (1.18 mm) screen. This dry sieved plant material was mixed 
thoroughly for analyses. 
Plant Analysis 
Total N of plant sample was determined by using the method of Nelson and 
Sommers (1973) that gives quantitative recovery of total N including NOs" in plant 
material. In this method, 100 mg of 16-mesh sample was treated with 4 mL of 
saHcylic acid - H2SO4 mixture (5 g salicylic acid per 200 mL of H2SO4 added), then 
allowed to stand at 25°C for 2 hours prior to addition 0.5 g of Na2S203.5H20. The 
tube was placed in the block digester and heated cautiously at 185°C until frothing 
ceased (15 min), then the tube was removed and allowed to cool down prior to the 
addition of 1.1 g of salt catalyst mixture (100 g K2SO4 : 10 g CUSO4.5H2O : 1 g Se). 
Tube was placed in the aluminum digester block preheated at 300°C and digested 
for 60 min. past the time of clearing (approximately 100 min). After digestion, the 
tube was removed and allowed to cool down, and distilled water was added to 
make up a volume of 75 mL. Ammonium-N in the digest was determined by steam 
distillation of an aliquot of the digest (10 mL) after treatment with 10 MNaOH 
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(Bremner, 1996). Total P contents of plant samples were determined by a 
modification of the method described by Sommers and Nelson (1972). In this 
method, 200 mg of 16-mesh sample was treated with 3 mL of concentrated nitric 
acid in the 75-mL digestion tube then allowed to stand overnight. The tube was 
placed in the block digester preheated at 100° C for 15 min, then the tube was 
removed and allowed to cool prior to the addition of 3 mL of 70% HCIO4. Digestion 
was done at 203°C in the heating block until the solution cleared (approximately 70 
min). After digestion, the tube was removed and allowed to cool down, then 
distilled water was added to make up a volimie of 75 mL. A 2-mL aliquot was 
taken for P determination by the Murphy and Riley (1962) method after 
neutralization of the aliquot with dilute NaOH by using p-nitrophenol as an 
indicator. The absorbance of the resulting blue color was measured by using a 
spectrophotometer adjusted to a wavelength of 720 nm. The concentration of K in 
an ahquot of the digest was determined by using atomic absorption 
spectrophotometer in emission mode at 766.5 nm. The concentrations of P and K 
of the ahquots analyzed were determined from corresponding standard calibration 
curves. All results reported are expressed on moisture-free basis. 
The results obtained were analyzed by using the General Linear Model 
(GLM) program of Statistical Ansilysis System (SAS) package (SAS Institute Inc. 
Gary, NC.). The least significant difference (LSD) were calciilated at p<0.05 to 
compare the effects of the treatments. The contrasts were used to compare the 
effect of group of treatments. 
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The 3deld of N was calculated from the dry matter yield and N concentration 
in the plant material. The percentage of N recovered by plant was calculated by 
the difference method as follow: 
Percentage of applied N recovered = [(A-B)/C] x 100, where A and B are 
the yield of N in plants from pots that received N fertilizer and control, 
respectively, and C is the total amoimt of N applied. 
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RESULTS AND DISCUSSION 
The five biotechnology by-products and the three animal manures used as 
N sources were compared with urea-ammonium nitrate. These N sources 
contained varsdng amounts of ammonium-N, nitrate-N, and organic N (Tables 3 
and 4) were applied at five rates, 100, 200, 300, 400, and 500 mg N kg*^ soil. A 
marked difference was observed in the dry matter yields and jdelds of N of corn 
grown under greenhouse conditions on soils treated with biotechnology by­
products and animal manures. The mean values of dry matter yields, N 
concentrations, yields of N, the percentages of N recovered in corn top, 
percentages of P, percentages of K, and the soil pH values are presented in 
Tables 9-16. The individual residts are presented in the Appendix (Tables 55 
and 56). The concentrations of P varied from 0.104% in soil treated with 500 mg 
kg-i soil as UAN at pH 7 to 0.454% in SM-treated soil with pH 7 at rate of 300 
mg kg-\ with a mean of 0.260% (Table 13). The concentrations of K values 
varied from 0.516% for soil pH 5 treated with 300 mg N kg-i soil in HLF to 3.5% 
for soil pH 7 treated with 500 mg N kg-i soil as DM, but, in general, it was about 
1.8 (Table 14). For convenience, the results obtained herein will be discussed 
lander the subheading: dry matter yield, yield of N, relationship between dry 
matter yield and yield of N, percentage of N recovered, soil pH, and the 
relationships between organic N uptake by corn under greenhouse conditions 
and the mineralizable N under laboratory conditions. 
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Table 9. Effect of soiirces and rates of N applied on means of dry matter 
5deld of corn tops 
Dry matter yield at rate of N (mg N kg" soil) specified" 
N source Soil pH 100 200 300 400 500 
Biotechnology 
by-products 
SMB 5 9.27 15.4 
e po^ — 
20.1 24.41 27.8 
6 9.18 9.24 18.3 23.0 28.1 
7 8.82 11.88 17.3 22.0 34.4 
SS 5 15.8 28.6 32.4 38.2 43.6 
6 12.8 21.3 32.8 39.4 41.2 
7 11.2 18.5 25.6 26.5 34.5 
HSOM 5 8.33 10.8 11.7 15.6 18.2 
6 6.40 7.64 10.1 13.4 14.8 
7 6.41 7.49 7.40 8,98 12.7 
APF 5 25.7 36.3 44.1 43.8 40.0 
6 22.3 35.7 37.7 40.6 40.3 
7 19.6 35.1 36.0 40.0 35.0 
HLF 5 22.2 35.7 40.2 42.3 42.1 
6 19.3 33.8 38.0 41.2 47.4 
7 20.4 28.6 42.5 42.6 50.3 
Animal manures 
DM 5 5.82 6.45 8.37 10.0 12.2 
6 6.52 6.83 8.07 9.66 8.87 
7 6.51 6.15 6.33 8.61 9.66 
SM 5 6.96 12.0 17.2 25.9 32.8 
6 5.60 10.1 12.3 14.3 15.4 
7 7.75 7.91 10.7 14.5 16.2 
CM 5 13.2 25.0 29.2 36.0 38.6 
6 12.3 24.8 26.6 33.7 37.7 
Synthetic N 
fertilizer 
7 14.9 17.7 21.3 23.9 30.9 
UAN 5 23.7 36.0 44.0 44.9 42.7 
6 22.1 37.3 43.1 43.9 47.4 
7 20.7 31.9 40.5 45.0 47.2 
®Dry matter yield for control (0 mg N) were 7.12 g for pH 5, 5.35 g for pH 6, and 7.92 g for 
pH 7. 
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Table 10. Effect of sources and rates of N applied on means of N concentration 
of corn tops 
N concentration (%) at rate of N (mg N kg"' soil) specified^ 
N source Soil pH 100 200 300 400 500 
% 
Biotechnology 
by-products 
SMB 5 0.40 0.42 0.48 0.55 0.55 
6 0.46 0.44 0.44 0.57 0.53 
7 0.42 0.41 0.42 0.61 0.51 
SS 5 0.41 0.48 0.49 0.58 0.76 
6 0.42 0.44 0.45 0.53 0.61 
7 0.42 0.40 0.45 0.53 0.56 
HSOM 5 0.42 0.43 0.42 0.38 0.45 
6 0.42 0.42 0.45 0.41 0.48 
7 0.40 0.40 0.43 0.41 0.39 
APF 5 0.43 0.48 0.63 0.85 1.24 
6 0.40 0.50 0.67 0.88 1.01 
7 0.45 0.61 0.66 0.69 0.95 
HLF 5 0.41 0.52 0.61 0.65 0.90 
6 0.42 0.48 0.56 0.64 0.77 
7 0.39 0.46 0.49 0.60 0.69 
Lnimal manures 
DM 5 0.56 0.51 0.47 0.51 0.53 
6 0.51 0.47 0.55 0.52 0.62 
7 0.46 0.56 0.60 0.55 0.60 
SM 5 0.47 0.44 0.52 0.48 0.55 
6 0.50 0.51 0.58 0.59 0.66 
7 0.44 0.49 0.58 0.59 0.57 
CM 5 0.42 0.42 0.51 0.49 0.52 
6 0.39 0.40 0.56 0.48 0.50 
7 0.40 0.46 0.47 0.50 0.50 
ynthetic N 
fertilizer 
UAN 5 0.42 0.52 0.67 0.80 0.97 
6 0.39 0.54 0.59 0.70 0.58 
7 0.38 0.48 0.71 0.68 0.81 
concentration for control (0 mg N) were 0.40 % for pH 5, 0.44 % for pH 6, and 0.40 % for 
pH 7. 
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Table 11. Effect of sources and rates of N applied on means of yield of N in 
corn tops 
Yield of N at rate of N (mg N kg'^ soil) specified^ 
N source Soil pH 1^0 200 300 400 500 
mgpof 
Biotechnology 
by-products 
SMB 5 37.3 64.7 97.7 135 153 
6 42.3 39.7 80.1 132 148 
7 37.4 48.7 73.4 134 175 
SS 5 63.0 138 158 220 335 
6 54.2 93.3 149 210 252 
7 45.7 73.2 114 140 193 
HSOM 5 34.6 46.5 49.3 59.1 82.1 
6 27.2 31.9 47.3 54.5 70.1 
7 25-8 29.2 31.5 36.6 49.0 
APF 5 109 175 276 372 495 
6 89.6 179 251 353 407 
7 88.6 215 232 278 329 
HLF 5 91.2 185 244 276 379 
6 82.0 163 215 264 363 
7 78.8 132 210 257 346 
Jiimal manures 
DM 5 32.8 32.3 38.9 51.5 63.6 
6 32.9 30.6 45.3 49.8 54.6 
7 29.5 33.9 38.2 46.8 57.1 
SM 5 32.8 52.8 88.2 125 182 
6 26.8 51.2 69.8 84.6 101 
7 33.6 38.8 61.7 83.5 91.6 
CM 5 55.2 104 146 176 199 
6 47.9 100 147 162 189 
7 60.1 82.3 99.0 119 154 
ynthetic N 
fertilizer 
UAN 5 98.6 187 296 361 416 
6 86.6 202 254 304 401 
7 79.2 153 282 307 380 
^Yield of N for control (0 mg N) were 28.7 mg pot"^ for pH 5, 23.6 mg pof' for pH 6, and 32.1 
mg pof' for pH 7. 
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Table 12. Effect of sources and rates of N applied on means of percentages of N 
recovered in com tops 
Percentages of N recovered at rate of N (mg N kg"^ soil) specified' 
N source Soil pH 100 200 300 400 500 
% 
Biotechnology 
by-products 
SMB 5 8.60 18.0 23.0 27.0 25.0 
6 18.7 8.00 18.8 27.0 25.0 
7 5.30 8.30 13.8 25.0 28.0 
SS 5 34.3 55.0 43.0 48.0 61.0 
6 30.6 34.8 42.0 47.0 46.0 
7 13.6 20.5 27.0 27.0 32.0 
HSOM 5 5.90 8.90 6.90 7.60 10.7 
6 3.60 4.10 7.90 7.70 9.30 
7 -6.40 -1.50 -0.20 1.10 3.40 
APF 5 81.0 73.0 83.0 86.0 93.0 
6 66.0 78.0 76.0 82.0 77.0 
7 56.4 91.0 67.0 61.0 59.0 
HLF 5 62.5 78.0 72.0 62.0 70.0 
6 58.4 70.0 64.0 60.0 68.0 
7 46.6 50.0 59.0 56.0 63.0 
jiimal manures 
DM 5 4.10 1.80 3.40 5.70 7.00 
6 9.30 3.50 7.20 6.60 6.20 
7 -2.70 0.90 2.00 3.70 5.00 
SM 5 4.10 12.0 19.0 24.0 31.0 
6 3.20 13.8 15.4 15.3 16.0 
7 1.40 3.40 9.90 12.8 11.9 
CM 5 26.5 38.0 39.0 37.0 34.0 
6 24.3 38.0 41.0 35.0 33.0 
7 27.9 25.1 22.3 22.0 24.0 
ynthetic N 
fertilizer 
UAN 5 69.9 79.0 89.0 83.0 77.0 
6 63.0 89.0 77.0 70.0 76.0 
7 47.0 61.0 83.0 69.0 70.0 
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Table 13. Effect of sources and rates of N applied on means of P concentration 
of corn tops 
P concentration (%) at rate of N (mg N kg"^ soil) specified^ 
N source Soil pH WO 200 300 400 500 
% 
Biotechnology 
by-products 
SMB 5 0.276 0.273 0.246 0.219 0.190 
6 0.279 0.317 0.237 0.168 0.157 
7 0-284 0.263 0.272 0.189 0.184 
SS 5 0.277 0.261 0.271 0.244 0.236 
6 0.280 0.257 0.250 0.254 0.256 
7 0.276 0.250 0.276 0.260 0.255 
HSOM 5 0.352 0.341 0.358 0.333 0.292 
6 0.338 0.345 0.352 0.314 0.327 
7 0.339 0.346 0.340 0.334 0.311 
APF 5 0.203 0.191 0.166 0.154 0.151 
6 0.191 0.171 0.178 0.164 0.176 
7 0.200 0.170 0.169 0.173 0.172 
HLF 5 0.207 0.222 0.194 0.181 0.164 
6 0.196 0.204 0.211 0.178 0.188 
7 0.199 0.183 0.181 0.169 0.181 
ijiimal manures 
DM 5 0.383 0.370 0.329 0.344 0.367 
6 0.369 0.369 0.383 0.369 0.375 
7 0.370 0.390 0.373 0.358 0.371 
SM 5 0.405 0.384 0.372 0.362 0.358 
6 0.402 0.387 0.365 0.363 0.369 
7 0.414 0.381 0.399 0.365 0.368 
CM 5 0.224 0.219 0.222 0.225 0.230 
6 0.211 0.222 0.224 0.226 0.226 
7 0.217 0.231 0.233 0.225 0.229 
ynthetic N 
fertilizer 
UAN 5 0.158 0.177 0.146 0.166 0.155 
6 0.163 0.171 0.166 0.160 0.194 
7 0.158 0.141 0.145 0.159 0.136 
®P concentration for control (0 mg N) were 0.323 % for pH 5, 0.368 % for pH 6, and 0.267 % 
for pH 7. 
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Table 14. Effect of sources and rates of N applied on means of K concentration 
of corn tops 
K concentratioa (%) at rate of N (mg N kg"' soil) specified^ 
N soxirce Soil pH 100 200 300 400 500 
% 
Biotechnology 
by-products 
SMB 5 1.87 1.70 1.58 1.51 1.34 
6 1.70 1.61 1.62 1.55 1.38 
7 1.74 1.87 1.73 1.56 1.31 
SS 5 1.48 1.26 1.39 1.37 1.47 
6 1.50 1.46 1.28 1.42 1.38 
7 1.40 1.43 1.43 1.42 1.44 
HSOM 5 2.55 2.80 2.39 2.51 2.25 
6 2.60 2.95 2.73 2.53 2.62 
7 2.78 2.78 2.77 2.82 2.37 
APF 5 0.85 0.91 0.93 1.08 1.08 
6 0.88 1.21 0.99 1.06 0.92 
7 1.09 1.06 1.09 1.20 1.34 
HLF 5 1.40 1.04 0.83 0.89 0.86 
6 1.59 0.86 1.06 0.90 0.86 
7 1.66 1.22 0.82 0.93 0.79 
jiimal manures 
DM 5 2.94 2.92 2.88 2.88 2.70 
6 2.89 2.95 2.95 2.90 2.87 
7 2.95 3.04 2.96 2.83 2.95 
SM 5 3.03 2.98 3.04 2.93 2.86 
6 3.12 3.13 2.96 2.93 2.83 
7 3.13 3.08 3.00 2.77 2.90 
CM 5 2.12 1.76 1.53 1.52 1.52 
6 2.09 1.84 1.58 1.52 1.53 
7 2.02 1.83 1.64 1.46 1.66 
ynthetic N 
fertilizer 
UAN 5 1.19 1.03 0.95 0.85 0.81 
6 1.04 1.05 0.94 0.89 0.80 
7 1.18 0.95 0.84 0.89 0.90 
concentration for control (0 mg N) were 2.68 % for pH 5, 2.89 % for pH 6, and 2.34 % 
for pH 7. 
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Table 15. Effect of sources and rates of N applied to com on means of soil 
PH-H2O after harvest 
Soil pH-HoO at rate of N (mg N kg"' soil) specified® 
N source Soil pH 100 200 300 400 500 
Biotechnology 
by-products 
SMB 5 5.09 5.12 5.18 5.27 5.37 
6 6.00 6.18 5.66 5.88 5.98 
7 7.19 7.19 7.21 7.08 6.85 
SS 5 4.96 4.94 4.92 4.90 5.13 
6 5.86 5.83 5.62 5.66 5.56 
7 7.15 7.03 6.92 6.87 6.81 
HSOM 5 4.92 4.75 4.53 4.49 4.55 
6 5.88 5.45 5.28 4.88 4.97 
7 7.14 6.87 6.75 6.72 6.62 
APF 5 4.91 4.81 4.60 4.33 4.38 
6 5.79 5.41 5.01 5.11 5.01 
7 7.14 6.69 6.81 6.68 6.64 
HLF 5 4.77 4.35 4.33 4.32 4.27 
6 5.61 5.14 5.13 4.83 4.65 
7 6.92 6.77 6.62 6.35 6.16 
jiimal manures 
DM 5 5.62 5.91 6.00 6.14 6.27 
6 6.23 6.54 6.68 6.82 6.90 
7 7.19 7.25 7.27 7.35 7.36 
SM 5 5.49 5.44 5.51 5.64 5.96 
6 6.40 6.46 6.38 6.34 6.35 
7 7.10 7.19 7.08 7.16 7.09 
CM 5 5.48 5.64 5.82 6.00 6.14 
6 6.31 6.48 6.60 6.63 6.81 
7 7.22 7.15 7.19 7.22 7.22 
ynthetic N 
fertilizer 
UAN 5 5.02 4.89 4.95 4.89 4.90 
6 5.90 5.53 5.53 5.52 5.41 
7 7.12 6.83 6.96 6.81 6.80 
®soil PH-H2O for control (0 mg) were 5.18 for pH 5, 6.00 for pH 6, and 6.98 for pH 7. 
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Table 16. Effect of sources and rates of N applied to corn on means of soil 
pH-CaCl2 after harvest 
Soil pH-CaClj at rate of N (mg N kg'^ soil) specified® 
NT source Soil pH 100 200 300 400 500 
Biotechnology 
by-products 
SMB 5 4.56 4.54 4.66 4.57 4.76 
6 5.69 5.84 5.40 5.50 5.40 
7 6.53 6.62 6.60 6.53 6.46 
SS 5 4.47 4.46 4.35 4.35 4.49 
6 5.43 5.40 5.14 5.20 5.21 
7 6.52 6.66 6.56 6.41 6.40 
HSOM 5 4.43 4.39 4.14 4.12 4.11 
6 5.48 5.09 4.81 4.52 4.62 
7 6.61 6.26 6.40 6.37 6.32 
APF 5 4.53 4.29 4.09 3.96 4.01 
6 5.39 4.75 4.62 4.60 4.65 
7 6.61 6.50 6.38 6.36 6.31 
HLF 5 4.24 4.06 4.03 3.93 3.84 
6 5.25 4.76 4.61 4.34 4.25 
7 6.47 6.40 6.37 6.00 5.85 
Lnimal manures 
DM 5 5.07 5.29 5.34 5.76 5.88 
6 5.64 6.04 6.11 6.34 6.50 
7 6.69 6.71 6.74 6.96 6.93 
SM 5 4.91 5.05 5.19 5.03 5.40 
6 5.83 6.02 5.92 5.99 5.96 
7 6.61 6.61 6.68 6.61 6.58 
CM 5 4.92 5.16 5.38 5.50 5.69 
6 5.79 6.00 6.27 6.22 6.26 
7 6.60 6.70 6.67 6.73 6.73 
ynthetic N 
fertilizer 
UAN 5 4.44 4.30 4.29 4.24 4.25 
6 5.35 4.95 5.04 4.95 4.89 
7 6.64 6.60 6.51 6.48 6.51 
soil pH-CaClo for control (0 mg) were 4.61 for pH 5, 5.51 for pH 6, and 6.66 for pH 7. 
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Dry Matter Yield 
The analysis of variance and contrasts of several observations of corn and 
soil pH values are presented in Tables 17 and 18. Statistical analysis presented 
in Table 17 shows that there were significant effect of soxirce and rate of N 
application on dry matter yield. In general, increasing N rate significantly 
increased the dry matter 3deld. Because there were interactions among sources 
of N, soil pH, and rates, LSD was calculated for dry matter yields as affected by 
each N rate and soil pH (Figures 12-16). 
Effect of biotechnologv by-products 
In general, biotechnology by-products produced dry matter yields 
significantly greater than those produced by the control (0 mg N kg*^) at all soil 
pH values. Moreover, some biotechnology by-products, such as APF and HLF, 
produced as much dry matter yield, or significantly greater, in some cases than 
those produced with UAN (Figures 12-16). Different soxu-ces of N had different 
effect on dry matter yield, depending on the rate of N and soil pH. The different 
response of corn dry matter yields to biotechnology by-products are perhaps due 
to the differences in the types of organic N compounds, because these materials 
contained different types of organic acids, sugars, proteins, and enzymes 
(Martinez and Tabatabai, 1997). 
Table 17. Analysis of variance of effects of biotechnology by-products and animal manures on several 
properties of corn tops and soil 
Source of dry Total Yield N Soil pH 
variation matter" N of N recovered H2O CaCla 
Block F value 16.6 5.4 2.4 3.0 1.9 1.5 
Significance level ** * ns ns ns ns 
Source of N (N) F value 771 63.0 532 648 623 584 
Significance level ** ** ** ** ** 
Rate F value 522 137 568 26.6 25.8 12.4 
Significance level ** ** ** ** ** ** 
Soil pH (pH) F value 39.2 2.9 34.3 54.1 6126 7210 
Significance level ** ns ** ** ** ** 
N X Rate F value 15.3 12.4 28.3 2.5 19.0 22.2 
Significance level ** ** ** ** 
N x p H  F value 7.3 2.2 3.3 3.0 45.1 62.9 
Significance level ** ** ** •k-k ** 
Rate X pH F value 2.1 2.5 4.4 0.4 12.0 9.5 
Significance level * * •k-k ns ** ** 
N X Rate x pH F value 2.4 1.1 1.5 1.8 2.2 2.9 
Significance level ** ns * •k-k ** ** 
" **, *, and ns are significant at p< 0.01, 0.05, and non significant, respectively. 
Table 18. Effect of Source of N on means of several parameters of corn and soil 
Source of dry Total Yield N Soil pH 
variation matter" N of N recovered H2O CaCU 
gpof' % g pot' % 
Control 6.8 0.415 28 - 6.05 5.59 
Biotechnology by-products (BB) 
SMB 18.6 0.482 93 18.7 6.08 5.57 
SS 28.1 0.502 149 37.4 5.88 5.4 
HSOM 10.7 0.420 45 4.6 5.59 5.18 
APF 35.5 0.697 257 75.3 5.56 5.14 
HLF 36.4 0.575 219 62.6 5.35 4.96 
Animal manures (AM) 
DM 8.0 0.535 43 4.2 6.63 6.13 
SM 14.0 0.532 75 12.9 6.37 5.89 
CM 25.7 0.469 123 31.2 6.53 6.04 
Synthetic fertilizer 
UAN 38.0 0.634 254 73.5 5.80 5.30 
Contrast 
UAN vs. BB & AM Estimate -15.9 -0.107 -128 -42.6 0.193 0.243 
Significance level ** ** ** ** ** ** 
UAN vs. BB Estimate -12.2 -0.099 -101 -33.8 -0.114 -0.046 
Significance level ** ** ** ** ** * 
UAN vs. AM Estimate -22.1 -0.122 -174 -57.4 0.706 0.725 
Significance level ** ** ** ie-k ** 
BB vs. AM Estimate 10.0 0.023 73 23.6 -0.820 -0.771 
Significance level ** ** ** ** ** ** 
" **, and * are significant at p< 0.01, and < 0.05, respectively. 
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Figure 12. Effect of sources of N applied at 100 mg N kg ' soil on dry matter yield of corn tops produced 
on a soil with three pH values. Different letters indicate significantly different means 
at p<0.05 by using LSD test. 
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Figure 13. Effect of sources of N applied at 200 mg N kg ' soil on dry matter yield of corn tops produced 
on a soil with three pH values. Different letters indicate significantly different means 
at p<0.05 by using LSD test. 
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Figure 14. Effect of sources of N applied at 300 mg N kg ' soil on dry matter yield of corn tops produced 
on a soil with three pH values. Different letters indicate significantly different means 
at p<0.05 by using LSD test. 
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Figure 15. Effect of sources of N applied at 400 mg N kg ' soil on dry matter yield of corn tops produced 
on a soil with three pH values. Different letters indicate significantly different means 
at p<0.05 by using LSD test. 
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Figure 16. Effect of sources of N applied at 500 mg N kg ' soil on dry matter yield of corn tops produced 
on a soil with three pH values. Different letters indicate significantly different means 
at p<0.05 by using LSD test. 
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At 100 and 200 mg N kg-^ soil, all biotechnology by-products, except 
HSOM and SMB in few cases, produced greater dry matter jdelds than those 
produced by the controls (0 mg N kg-i); and APF and HLF produced similar dry 
matter jdelds to those produced by UAN. Among biotechnology by-products, 
APF, HLF, and SS produced dry matter yields that were relatively greater than 
those produced by SMB and HSOM (Figures 12 and 13). 
Similar to those at lower rates of N application, at 300 and 400 mg N kg-^ 
soil, all biotechnology by-products produced greater dry matter yields than those 
produced by the control pots at aU soil pH values. The biotechnology by-products 
APF and HLF produced dry matter yield similar to those produced by UAN. Dry 
matter jdelds decreased in the following N treatment order, with few exceptions: 
UAN = APF = HLF > SS > SMB > HSOM for soU pH 5, UAN> APF = HLF > SS 
> SMB > HSOM for pH 6, and UAN = APF> HLF > SS > SBM > HSOM for soil 
pH 7 (Figures 14 and 15). 
At the highest rates of N (500 mg N kg-^ soil), all biotechnology by­
products produced greater dry matter yields than those produced by control pots 
at all soil pH values. Several biotechnology by-products, such as APF and HLF 
at pH 5 and 7, produced dry matter jdelds similar to those produced by UAN. At 
the highest rate of N, dry matter jdelds decreased in the following N treatment 
order: UAN = APF = HLF = SS > SMB > HSOM for soil pH 5, UAN = APF > 
HLF = SS > SMB > HSOM for soil pH 6, and UAN > APF > HLF > SS = SMB > 
HSOM for soil pH 7(Figure 16). 
The application of the biotechnology by-product HSOM produced the least 
dry matter 3delds among all the biotechnology by-products used at all soil pH 
values. Zhu et al. (1995) reported similar results when HSOM used in a study to 
assess the usefulness of several biotechnology by-products as source of N for 
corn. They attributed the reduction of the effectiveness of N in HSOM to the 
free acid present in this biotechnology by-product (pH 1.5, see Table 3, Part 1). 
A Unear relationship between fertilizer applied and crop yield is expected 
if the nutrient is mobile and other factors do not affect its use by the plant. 
Plant growth responses to the five biotechnology by-products used are presented 
in Figxires 17-21. These response curves show differences among the 
biotechnology by-products in their ability to supply plant-available N. For the 
biotechnology by-products, APF at all soil pH values and HX<F at soil pH 5, 
increasing the rate of N application increased dry matter yields up to a certain 
point, then it remained constant as was the case with HLF at soil pH 5 (Figure 
21) or even decreased somewhat as shown in the case of APF at all soil pH 
values (Figure 20). By using the means of three replications, quadratic models 
were used to describe the relationship between dry matter yield and rates of N 
applied at gdl soil pH values for APF and HLF. A sharp increase in dry matter 
yield was observed for the biotechnology by-product-treated soil between 0 and 
300 mg N kg-^ soil, with the exception of SMB and HSOM. Maximum dry matter 
5T.eld was obtained at different rates of N, depending on types of biotechnology 
by-products and soil pH. However, in general, most of the biotechnology by-
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Figure 17. Effect of rates of N of sterilized microbial biomass (SMB) on dry matter yield of corn tops produced 
on a soil with different pH values 
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Figure 18. Effect of rates of N of slops (SS) on dry matter yield of corn tops produced on a soil with 
different pH values 
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Figure 19. Effect of rates of N of hydrolyzed soybean oil meal (HSOM) on dry matter yield of corn tops produced 
on a soil with different pH values 
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Figure 20. Effect of rates of N of ajinomoto proto ferm (APF) on dry matter yield of corn tops produced 
on a soil with different pH values 
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Figure 21. Effect of rates of N of heartland lysine ferm (HLF) on dry matter yield of corn tops produced 
on a soil with different pH values 
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94 
product-treated soils showed optimal dry matter yield at 400 or 500 mg N kg-^ 
soil. While for UAN, the optimal dry matter yield was obtained at 500 mg N kg-^ 
soil at soil pH 6 £ind 7, and 300 mg N kg-^ soil at soil pH 5 (Figure 22 ). 
Effect of am ma 1 manures 
Application of animal manures as sources of N resulted in significantly 
greater dry matter yields than those produced on the control counterparts. 
Compared with UAN, in general, at all rates of N in animal manures produced 
significantly lower amovmt of dry matter yields. Chicken manure produced 
greater dry matter yield than those produced by dairy and Swine manures at all 
N rates and at all soil pH values. The order of animal manures and UAN that 
produced the highest to lowest dry matter jdelds were, with few exceptions, 
were: UAN > CM > SM> DM at all pH values (Figures 12-16). 
Plant growth responses to N in animal manure are presented in Figures 
23-25. The relationship between dry matter yield and N added was described by 
using a linear model. For all animal manures, with some differences in the 
magnitude, the increase in N applied increased dry matter yield up to the 
highest rate of N, 5.00 mg N kg-^ soil. Comparison of dry matter yields as 
affected by soxirces and rates of N at various pH values is shown in Figxire 26. 
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Figure 22. Effect of rates of N of urea-ammonium nitrate (UAN) on dry matter yield of corn tops produced 
on a soil with different pH values 
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Figure 23. Effect of rates of N of dairy manure (DM) on dry matter yield of corn tops produced on a soil 
with different pH values 
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Figure 24. Effect of rates of N of swine manure (SM) on dry matter yield of corn tops produced 
on a soil with different pH values 
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Figure 25. Effect of rates of N of chicken manure (CM) on dry matter yield of corn tops produced 
on a soil with different pH values 
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Figure 26. Effect of rates of N of biotecnology by-products or animal manures on dry matter yield of corn 
tops produced on a soil with three pH values 
100 
Yield of Nitrogen 
Yield of N was calcailated by midtiplying dry matter yield and N 
concentration of com top. The mean values of N concentrations in corn tops are 
presented in Table 10. In general, increasing N application resulted in 
significantly increasing the N concentration of corn top. 
Effect of biotechnology bv-products 
The effect of different sources of N on yield of N in corn top is shown in 
Figures 27-31. In almost all rates of N and at all soil pH values, the 
biotechnology by-products APF, HLF, and SS produced greater yield of N than 
those produced by SMB and HSOM. However, the yields of N with UAN were 
greater than those with most biotechnology by-products at all soil pH values. 
The order of biotechnology by-products and UAN that produced higher to lower 
yield of N in three soil pH values, in general, were: UAN > APF > HLF > SS > 
SMB > HSOM. Response cvirves that show relationship between the rates of N 
and yields of N are presented in Figures 32-36. These response curves show that 
increasing N rate increased the yield of N, which fitted linear equations. 
Effect of ammfll manures 
The yields of N in animsd. manure-treated soils were significantly greater 
than those of the control (0 mg N kg-^), but were significantly lower than those 
produced with UAN-treated soils. A contrast analysis showed that animal 
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Figure 27. Effect of sources of N applied at 100 mg N kg ' soil on yield of N in corn tops produced 
on a soil with different pH values. Different letters indicate significantly different 
means at p<0.05 by using LSD test 
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Figure 28. Effect of sources of N applied at 200 mg N kg"' soil on yield of N in corn tops produced 
on a soil with different pH values. Different letters indicate significantly different 
means at p<0.05 by using LSD test 
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Figure 29. Effect of sources of N applied at 300 mg N kg ' soil on yield of N in corn tops produced 
on a soil with different pH values. Different letters indicate significantly different 
means at p<0.05 by using LSD test 
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30. Effect of sources of N applied at 400 mg N kg"' soil on yield of N in corn tops produced 
on a soil with different pH values. Different letters indicate significantly different 
means at p<0.05 by using LSD test 
600 
550 
500 
450 
400 
350 
300 
250 
200 
150 
100 
5 0  
0 
pH = 5 pH = 6 pH = 7 
a 
b a 
a 
a 
a 
b 
a 
c 
d 
d 
e 
d 
e 
' I I I ' I I 
1  2 3 4 5 6 7 8 9  1 0  
C 
d 
f 
e 
f 
d 
e 
1  2 3 4 5 6 7 8 9  1 0  
Source of N 
d d 
-JL. 
1  2 3 4 5 6 7 8 9  1 0  
31. Effect of sources of N applied at 500 mg N kg ' soil on yield of N in corn tops 
on a soil with different pH values. Different letters indicate significantly dif] 
means at p<0.05 by using LSD test. 
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Figure 32. Effect of rates of N of sterilized microbial biomass (SMB) on yield of N of corn tops produced 
on a soil with different pH values 
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Figure 33. Effect of rates of N of slops (SS) on yield of N of corn tops produced on a soil with 
different pH values 
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Figure 34. Effect of rates of N of hydrolyzed soybean oil meal (HSOM) on yield of N of corn tops produced 
on a soil with different pH values 
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35. Effect of rates of N of ajinomoto proto ferm (APF) on yield of N of corn tops produced on a soil 
with different pH values 
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36. Effect of rates of N of heartland lysine ferm (HLF) on yield of N of corn tops produced on a f 
with different pH values 
Ill  
manures produced significantly lower N yields than those produced by 
biotechnology by-products (Table 18). The effect of animal manures on 5deld of N 
varied depending on rate and source of N, and the soil pH. For example, at 100 
mg N kg-i soil, there was no significant difference in yield of N between DM and 
SM, whereas CM produced greater yield of N at all soil pH values. 
The relationships between rate of N apphcation and 3rield of N are 
presented in Figures 37-40 for animal manures and for UAN. The increase of N 
application as animal manures significantly increased yield of N. Comparison of 
the N yields as affected by sources and rates of N at various pH values is shown 
in Figure 41. 
Relationship between Dry Matter Yield and Yield of Nitrogen 
If all other nutrients were present at sufficient concentration, and 
assuming the biotechnology by-products and the animal manures added as 
sources of N did not significantly and negatively affect the plant root 
environment, one would expect linear relationship between dry matter yield and 
yield of N. The results reported in Figures 42-50 show that, with the exception 
of APF at all soil pH values and UAN at pH 5, the relationship was linear, 
suggesting that there was no nutrient limitation other than N (see the 
percentage of P and K in Tables 13 and 14, respectively). In the case of APF and 
UAN the relationship was curvilinear, suggesting that either there was nutrient 
limitation other than N or that the N soiarces added significantly affected the 
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Figure 37. Effect of rates of N of dairy manure (DM) on yield of N of corn tops produced on a soil with 
different pH values 
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Figure 38. Effect of rates of N of swine manure (SM) on yield of N of corn tops produced on a soil with 
different pH values 
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Figure 39. Effect of rates of N of chicken manure (CM) on yield of N of corn tops produced on a soil with 
different pH values 
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40. Effect of rates of N of urea-ammonium nitrate (UAN) on yield of N of corn tops produced on a 
with different pH values 
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41. Effect of rates of N in biotecnology by-products or animal manures on yield of N of corn 
tops produced on a soil with three pH values. 
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Figure 42. Relationship between dry matter yield and yield of N in corn tops produced on a soil with 
different pH values treated with six rates of N as sterilized microbial biomass (SMB) 
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Figure 43. Relationship between dry matter yield and yield of N in corn tops produced on a soil with 
different pH values treated with six rates of N as slops (SS) 
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Figure 44. Relationship between dry matter yield and yield of N in corn tops produced on a soil with 
different pH values treated with six rates of N as hydrolyzed soybean oil meal (HSOM) 
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Figure 45. Relationship between dry matter yield and yield of N in corn tops produced on a soil with 
different pH values treated with six rates of N as ajinomoto proto ferm (APF) 
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Figure 46. Relationship between dry matter yield and yield of N in corn tops produced on a soil with 
different pH values treated with six rates of N as heartland lysine ferm (HLF) 
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Figure 47. Relationship between dry matter yield and yield of N in corn tops produced on a soil with 
different pH values treated with six rates of N as dairy manure (DM) 
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Figure 48. Relationship between dry matter yield and yield of N in corn tops produced on a soil with 
different pH values treated with six rates of N as swine manure (SM) 
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Figure 49. Relationship between dry matter yield and yield of N in corn tops produced on a soil with 
different pH values treated with six rates of N as chicken manure (CM) 
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Figure 50. Relationship between dry matter yield and yield of N in corn tops produced on a soil with 
different pH values treated with six rates of N as urea ammonium nitrate (UAN) 
126 
chemistiy of the root environment. The N nutrition of the plant was excluded 
because the concentration was within the normal range for the whole corn plant, 
and because the concentration increased with increasing N application (Table 
10). The effect of pH on this relationship was also excluded because the decrease 
in soil pH with increasing the rate of N was observed in other treatments, and 
because soil pH did not negatively affect the plant growth, especially at soil pH 
7. 
To allow for comparison of the internal efficiency of N in all the sources 
tested, a plot was prepared for the relationship between dry matter yield and 
yield of N obtained for the N sources and rates (Figure 51). This figure indicates 
that the effectiveness on a unit quantity of N taken up by corn tops in increasing 
the dry matter yield did not differ among the N soxirces. 
Percentages of N Recovered 
Nitrogen fertilizer added to soils are not completely taken up by plants 
because part of it is lost by several physical, chemical, biochemical, and 
biological processes, such as leaching, run off, fixation by soil constituents, 
ammonia volatilization, denitrification, and immobilization by microorganisms. 
In greenhouse studies, although loss of N fertilizer can be minimized by 
preventing some of the processes mentioned above as leaching and run off and 
minimizing the other processes such as ammonia volatilization and 
denitrification, part of fertihzer is in unavailable forms for plant uptake. Hence, 
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only a portion of added N fertilizer will be available for the immediate uptake by 
plants. 
One method used to evaluate fertilizer N recovery by a crop (or the 
fertilizer N use efficiency) is to express the difference in N uptake by the 
aboveground portion of plants under fertilized and xmfertilized conditions as a 
percent of the N applied (Parr, 1973; Rhem and Wiese, 1975). Expressed as 
percentages of the total N added, the means of total N recovered in corn tops are 
presented in Table 12, and the individual values for the repUcates are showed in 
Table 55 (Appendix). Analysis of variance (ANOVA) and the contrast 
comparisons are presented in Tables 17 and 18. The percentages of total N 
recovered ranged from 0 of soil pH 7 treated with 100 mg N kg-^ soil HSOM to 
100 of soil pH 5 treated with 300 mg N kg-^ soil in the case of UAN. The 
percentage of total N recovered in corn tops varied markedly within N sources 
and the soil pH values. In general, however, the percentage of N recovered in 
corn tops increased with increasing the rate of N apphcation (Table 12). These 
relatively high recovery N values, especially for UAN, APF, and HLF, should not 
be expected under field conditions because it is will known that nutrient uptake 
imder greenhouse conditions (pot experiments) exceeds those under field 
conditions (open soil systems). 
Expressed as percentages of the organic N added, the means of organic N 
recovered in corn tops are presented in Figures 52-54. The proportion of organic 
N taken up by corn was calculated from the difference between the total N 3rield 
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derived from a material used (biotechnology by-product or animal manure) and 
that from inorganic N sources in that material. The N yield derived from 
inorganic N sources in a material was estimated from the amount of inorganic N 
in the material applied to soil at each application rate and the percentage N 
recovery of N in UAN at that rate. This estimate was based on the assumption 
that the efficiency of inorganic N in each material was the same as that of N in 
UAN at each application rate. A similar method of calculation was used by Zhu 
et al. (1995). The percentage of organic N recovered in corn tops varied 
significantly among the N sources, rates of N, and the soil pH values. 
Soil pH Values after Harvest 
The means of pH values of the soil after termination of the greenhouse 
experiment are reported in Tables 15 and 16. The results of the individual pots 
are presented in Table 56 (Appendix). Statistical analysis (ANOVA) showed that 
the pH values were significantly affected by the source and rate of N application 
(Tables 17 and 18). Application of biotechnology by-products, in general, 
reduced soil pH, especially in the case of APF and HLF at all soil pH values. 
The decrease in soil pH is somewhat small to cause any major effect in plant 
growth because, in most cases, the decrease in soil pH was one unit or less. It is 
well known that apphcation of NH4-containing fertilizers decrease soil pH. In 
general, increasing the rate of N for biotechnology by-products decreased the soil 
pH. These decreases varied with the biotechnology by-products used. 
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Application of animal manures to soil for corn nutrition, in general, increased 
the soil pH values. 
Relationships between Organic N Uptake by Com under Greenhouse Conditions 
and the Mineralizable N imder Laboratory Conditions 
The relationship between organic N uptake by corn tops grown on soils 
with pH values of 5, 6, and 7 and cimiulative amovmts of N mineralized in the 
same soils treated with biotechnology by-products or animal manure during 6 or 
20 weeks of incubation at 20°C or SQoC. are shown in Figures 55-58. The 
relationships between the amounts of organic N taken up by corn and No or the k 
values are illustrated in Figures 59-62. These figures show a linear 
relationships between organic N uptake and N mineralized in 6 and 20 weeks of 
incubation, at 20°C and 30°C at all soil pH values, except those data of soil pH 5 
at 30°C. Some of the values deviated fi:om this relationship. The correlation 
coefficients for these relationships at 20°C ranged from 0.43 for soil pH 7 with six 
weeks of incubation to 0.95** for soil pH 6 with same incubation time. At 30°C, 
The correlation coefficients for the relationships ranged from 0.73 for soil pH 7 
with 20 weeks of incubation to 0.96*** soil pH 5 with 6 weeks incubation. In 
general, the correlation coefficients for the relationships between organic N 
uptake by com and the cumulative N mineralized under laboratory conditions 
were greater in cases where higher incubation temperature was used (30°C vs 
20oC). The relationships between the amounts of organic N taken up by corn 
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from soils treated with biotechnology by-products or animal manures were 
significantly correlated with the No or k values of N mineralization under 
laboratory conditions. Some of the values, however, deviated from this 
relationship. 
143 
PART III. BIOTECHNOLOGY BY-PRODUCTS AND ANIMAL 
MANURES AS SOURCES OF NITROGEN FOR RYEGRASS AS 
AFFECTED BY SOIL pH 
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INTRODUCTION 
The application of organic waste to agricultural soils is a well-known 
practice. This was practiced before mining and the introduction of synthetic 
fertilizers because it was the only affordable and available choice for apphcation 
of nutrients to soils. This practice continued up to date, with more choices 
becoming available because of the continued emphasis on sustainable 
agriculture and soil and environmental quality. 
Inorganic N is readily taken up by plants and represents an immediately 
available supply. However, the major part of the total N in surface soils in 
humid and sub-humid regions occurs in the organic fraction. Organic N sources 
generally become available to plants through mineralization to NOs'-
The N mineralization in soils is mainly biological in nature, and the soil 
chemical and physical properties have a marked influence on the release of 
inorganic N from the soil organic matter and from the organic fertilizers. 
Appropriate estimation of the net N supply to plants by soils should have 
important impacts on the economics of crop production. Although numerous 
methods for assessing soil N availabihty have been reported, the information 
available is still incomplete and needs to be evaluated using plant uptake as a 
major biological criterion. 
Biotechnology by-products are co-product materials produced by 
biotechnology industries in Iowa restating from fermentation processes using 
selected or bio-engineered (genetically altered) microorganisms that synthesize 
specific compounds such as certain amino acids (Zhu et al., 1995). Biotechnology' 
by-products contain significant concentrations of organic C and plant mineral 
nutrients such as N, P, and S. They do not contain significant concentrations of 
harmful elements such as heavy metals (Zhu et al., 1995). Therefore, the 
objectives of this study were: (1) to determine the effect of soil pH on the 
availability of N to ryegrass (Lolium multiflorum L.) from selected biotechnologv' 
by-products, (2) compare the plant availability of N in biotechnology by-products 
with that in animal manures, and (3) to study the relationships between 
mineralizable N under laboratory conditions and plant uptake of N from a soil of 
different pH values treated with biotechnology by products or animal manures 
under greenhouse conditions. 
146 
MATERIALS AND METHODS 
The soil, biotechnology by-products, and animal manures used in this 
work were those described in Tables 1-4 (Part I). The experimental design and 
treatments used in this part were the same as those used in Part 11. The only 
difference was that, one gram of Bison ryegrass was seeded instead of corn. The 
ryegrass was cut at 2.5 cm above the soil surface every 30 days for a total of 
three cuttings. Ten days after every cutting, 50 mL solution containing K2SO4 
were added to supply 140 mg of El, and 54 mg per pot of S; P was added by using 
another 50 mL solution containing K2HPO4 to give 55 mg P per pot. All other 
greenhouse work and analyses of the plant samples were identical to those 
described in Part II for the corn experiment. 
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RESULTS AND DISCUSSION 
The mean values of dry matter yields, N concentrations, yields of N, 
percentages of N recovered in ryegrass, percentages of P in ryegrass, percentages 
of K in ryegrass, and the soil pH values after terminating the experiment are 
presented in Tables 19-36. The individual results of the dry matter yield, total N 
concentration, 5deld of N, total P and K concentrations; and the soil pH values 
after termination of the experiment are presented in the Appendix (Tables 57-
60). The concentration of P was not decreased from the first to the third cuttings 
(Tables 29-31), this maybe due to the effect of P added after every cutting. 
Similgirly, the concentration of K was held almost constant from the first to the 
third cuttings (Tables 32-34). For convenience, the restilts obtained herein will 
be discussed under the subheading: dry matter jdeld, 3aeld of nitrogen, 
relationship between dry matter jdeld and yield of nitrogen, percentages of N 
recovered, soil pH values after harvest, and the relationships between organic N 
uptake by ryegrass under greenhouse conditions and mineralizable N under 
laboratory conditions. 
Dry Matter Yield 
The analysis of variance and contrast comparisons of several observations 
of ryegrass and soil pH values are presented in Tables 37 and 38. Statistical 
analyses showed that there were significant effects of rate and soiurce of N, soil 
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Table 19. Effect of sources and rates of N applied on dry matter jdeld of 
ryegrass produced on a soil with pH 5 
Dry matter 3aeld at rate of N (mg N soil) specified" 
N source No. of cutting 100 200 300 400 500 
Biotechnology 
by-products 
-gpot 
SMB 1" 4.65 4.93 6.90 6-17 6.58 
2nd 1.54 1.58 2-43 2-01 2-84 
3rd 0.80 1.05 1.09 1-17 1.23 
SS 1" 5.29 6.37 7.00 8.12 8.03 
2nd 1.75 2.28 2.35 2.97 2.78 
3rd 1.02 1.24 1.19 1.38 1.45 
HSOM 1" 4.41 3.56 4.37 4.46 5.52 
2nd 1.31 1.50 1.51 1.55 1.83 
3rd 0.95 0-74 0.91 0.92 1.29 
APF 1" 5.59 7.57 6.92 8.00 7.59 
2nd 1.91 2-43 2.98 2-89 3.05 
3rd 1.22 1.38 1.51 1.64 1.10 
HLF 1"' 4.57 7.47 6.16 7.47 7.62 
2nd 1.89 2.60 2.25 2.48 2-22 
3rd 0.84 1.03 1.09 1.63 1.58 
Animal manures 
DM ist 4.57 4.58 5.23 5.16 4.75 
2nd 1.57 1.64 1.98 2.08 1-84 
3rd 0.85 1.01 0.86 1.17 0.91 
SM iSt 4.62 4.80 5-93 5-36 6.62 
2nd 1.72 2.02 2.37 2.73 2.35 
3rd 0.87 1.00 1.51 1.24 1.20 
CM l8t 6.11 6.18 6.31 7.46 7.71 
2nd 2.44 1.99 2.48 2.30 2-82 
3rd 1.05 1.29 1.28 1.49 1-42 
Synthetic N 
fertilizer 
UAN 1" 5.61 6.78 6.82 7.24 6.93 
2nd 2.05 2.30 2.54 2.59 2.53 
3rd 1.26 1-24 1.38 1.31 1.51 
®Dry matter yield for control (0 mg N) were 4.04 g for the first cutting, 1.38 g for the second 
cutting and 0.96 g for the third cutting of ryegrass. 
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Table 20. Effect of sources and rates of N applied on dry matter yield of 
ryegrass produced on a soil with pH 6 
Dry matter 3deld at rate of N (mg N soil) specified" 
N source No. of cutting 100 200 300 400 500 
B Pf " 
Biotechnology 
by-products 
1" SMB 4.03 5.58 7.07 6.28 7.23 
2nd 1.20 1.84 2.08 2.56 2.33 
Sid 0.58 1.01 1.08 1.40 1.08 
SS 1" 4.86 5.58 7.05 7.61 8.24 
2nd 1.72 2.20 2.74 2.33 2.70 
3rd 0.99 1.43 1.37 1.40 1.45 
HSOM 1" 4.11 3.60 4.74 4.26 4.98 
2nd 1.43 1.47 1.55 1.51 1.71 
3rd 0.94 0.94 0.78 0.85 1.09 
APF 1" 6.23 6.77 7.72 7.55 8.54 
2nd 2.40 2.13 2.41 2.65 3.35 
3rd 1.15 1.57 1.48 1.49 1.77 
HLF ist 4.34 7.48 6.80 7.09 7.47 
2nd 2.12 2.41 2.57 2.53 2.86 
3rd 1.17 1.36 1.02 1.35 1.40 
Animal manures 
DM 1" 4.13 4.83 4.70 5.46 4.89 
2nd 1.49 1.78 1.60 1.77 1.99 
3rd 0.87 0.96 0.96 1.25 1.20 
SM iSt 4.35 5.60 5.80 5.71 6.33 
2nd 1.82 2.26 2.63 2.21 2.17 
3rd 1.41 1.23 1.25 1.40 1.37 
CM iSt 5.10 6.44 7.04 7.37 7.60 
2nd 1.84 2.49 2.55 3.12 2.73 
3rd 1.04 1.37 1.45 1.36 1.84 
Synthetic N 
fertilizer 
UAN iSt 5.91 7.54 6.76 7.67 8.37 
2nd 2.68 2.48 2.37 3.58 2.57 
3rd 1.38 1.60 1.26 1.70 1.80 
®Dry matter yield for control (0 mg N) were 3.90 g for the first cutting, 1.12 g for the second 
cutting and 0.78 g for the third cutting of ryegrass. 
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Table 21. Effect of sources and rates of N applied on dry matter jdeld of 
ryegrass produced on a soil with pH 7 
Dry matter yield at rate of N (mg N kg"^ soil) specified' 
N source No. of cutting 100 200 300 400 500 
g pot " 
Biotechnology 
by-products 
ist SMB 4.06 5.84 5-08 5.51 6.09 
gnd 1.86 2.11 1.91 1.93 1.97 
grd 0.82 1.15 1.18 1.27 1.09 
SS 1"' 4.56 4.79 7.59 7.50 8.43 
2nd 1.68 2.08 2.15 2.70 2.89 
atd 0.97 1.18 1.52 1.32 1.68 
HSOM iSt 4.00 3.45 3.52 4.39 3.48 
2nd 1.12 1.54 1.36 1.70 1.63 
3rd 0.85 0.74 0.95 0.86 0.91 
APF I" 6.57 7.97 7.62 7.41 8.39 
2nd 2.21 2.18 3.58 2.82 3.27 
ari 1.27 1.40 1.67 1.59 1.66 
HLF iSt 4.71 5.37 6.91 7.62 8.66 
2nd 2.15 2.58 2.31 2.48 2.45 
3rd 1.38 1.35 1.56 1.79 1.48 
Animal manures 
DM 1" 3.83 3.84 4.46 4.14 4.53 
2nd 1.17 1.50 1.71 2.07 1.68 
3rd 0.88 1.22 1.15 1.18 1.44 
SM jst 3.86 5.19 5.91 5.62 6.17 
2nd 1.40 1.91 2.02 1.85 2.42 
3rd 0.82 1.07 1.15 1.24 1.17 
CM iSt 5.23 5.94 6.31 7.21 7.08 
2nd 1.81 2.21 2.33 2.14 2.73 
3rd 1.06 1.52 1.33 1.48 1.68 
Synthetic N 
fertilizer 
UAN iSt 4.40 6.45 6.56 7.51 7.74 
2nd 1.94 2.10 2.17 2.68 2.61 
3rd 1.02 1.41 1.51 1.69 1.98 
'Dry matter yield for control (0 mg N) were 4.06 g for the first cutting, 1.31 g for the second 
cutting and 0.89 g for the third cutting of ryegrass. 
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Table 22. Effect of sources and rates of N applied on N concentrations of 
ryegrass produced on a soil with pH 5 
N concentration (%) at rate of N (mg N soil) specified" 
N source No. of cutting 100 200 300 400 500 
Biotechnology 
by-products 
-%-
SMB ist 1.34 1.57 2.27 2.56 3.79 
2nd 0.88 0.92 1.16 1.42 2.33 
3rd 0.69 0.82 0.83 1.14 2.24 
SS l8t 1.56 2.57 2.86 3.94 3.92 
2nd 0.87 1.05 1.64 2.23 2.20 
3rd 0.64 0.86 1.17 1.61 1.93 
HSOM l8t 1.25 1.54 1.43 1.55 1.51 
2nd 0.83 0.92 0.87 1.05 0.93 
3rd 0.59 0.80 0.72 0.79 0.61 
APF iSt 1.91 2.52 3.71 4.02 3.93 
2nd 0.93 1.21 1.86 3.38 3.80 
3rd 0.72 0.89 1.14 3.10 3.68 
HLF ist 2.36 2.92 3.92 3.78 4.04 
2nd 1.04 1.27 1.89 2.07 2.98 
3rd 0.93 0.98 1.34 1.86 2.56 
Animal manures 
DM iBt 1.28 1.41 2.49 1.68 1.83 
2nd 0.92 1.08 1.12 0.95 1.06 
3rd 0.70 0.69 0.85 0.84 0.98 
SM 1" 1.55 2.42 1.74 2.42 2.86 
2nd 0.96 1.22 1.13 1.38 1.90 
3rd 0.76 0.82 1.04 1.04 1.33 
CM iSt 1.89 2.19 2.68 2.98 3.57 
2nd 0.95 1.00 1.21 1.37 1.58 
3rd 0.75 1.17 0.97 1.20 1.29 
Synthetic N 
fertilizer 
UAN iSt 2.23 2.89 4.08 4.79 5.38 
2nd 1.00 1.23 2.32 2.87 3.95 
3rd 0.69 1.10 2.17 2.23 3.24 
concentration for control (0 mg N) were 1.25 % for the first cutting, 0.78 % for the second 
cutting and 0.60 % for the third cutting of ryegrass. 
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Table 23. Effect of sources and rates of N applied on N concentrations of 
ryegrass produced on a soil with pH 6 
N concentration (%) at rate of N (mg N soil) specified' 
N source No. of cutting 100 200 300 400 500 
Biotechnology 
by-products 
-%-
SMB 1" 1.41 1.41 1.71 2.50 2.91 
gnd 0.92 0.82 1.08 1.28 1.45 
grd 0.74 0.63 0.86 1.07 1.57 
SS l" 1.58 2.13 2.34 3.35 2.96 
2nd 0.85 1.05 1.18 1.49 1.70 
3rd 0.64 0.76 0.94 1.22 1.64 
HSOM ist 1.28 1.34 1.33 1.41 1.65 
2nd 0.78 0.79 0.81 0.91 0.81 
3rd 0.53 0.61 0.62 0.73 0.64 
APF l8t 1.70 2.58 3.16 4.12 4.11 
2nd 0.85 1.12 1.40 2.46 3.15 
3rd 0.74 0.84 1.28 2.34 3.33 
HLF l8t 2.15 2.79 3.55 4.19 4.35 
2nd 0.97 1.19 1.36 2.06 2.28 
3rd 0.76 0.83 1.14 1.58 2.04 
Animal manures 
DM jSt 1.18 1.40 1.34 1.63 1.60 
2nd 0.86 0.91 1.02 1.16 1.16 
3nl 0.65 1.83 0.82 0.92 0.91 
SM iSt 1.39 2.03 1.35 1.81 2.18 
2nd 0.82 0.97 0.98 1.19 1.54 
3rd 0.61 0.73 0.78 0.87 0.98 
CM iSt 1.55 2.12 2.09 3.66 3.01 
2nd 0.96 0.96 1.10 1.54 1.58 
3rd 0.77 0.75 0.95 1.31 1.22 
Synthetic N 
fertilizer 
UAN !« 2.09 2.67 4.10 4.61 4.50 
2nd 0.90 1.24 1.59 2.88 2.57 
3rd 0.69 1.01 1.44 2.24 2.45 
'N concentration for control (0 mg N) were 1.30 % for the fiirst cutting, 0.78 % for the second 
cutting and 0.61 % for the third cutting of ryegrass. 
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Table 24. Effect of sources and rates of N applied on N concentrations of 
ryegrass produced on a soil with pH 7 
N concentration (%) at rate of N (mg N kg"'^ soil) specified" 
N source No. of cutting 100 200 300 400 500 
% 
Biotechnology 
by-products 
ist SMB 2.65 1.76 2.08 1.55 1.88 
gnd 0.98 0.86 1.02 0.93 1.03 
grd 0.72 0.71 0-90 0.82 0.96 
SS iSt 2.15 2.50 2-85 3.27 2.58 
2nd 0.97 1.09 1-32 1.76 1.31 
3rd 0.72 0.87 0-94 1.50 1.30 
HSOM l8t 1.46 1.70 1-79 1.56 1.87 
2nd 0.86 0.86 0-90 0.87 0.99 
3rd 0.64 0.66 0.91 0.71 1.76 
APF iSt 1.83 2.36 3-65 4.16 4.32 
2nd 0.98 1.24 2.20 3.11 3.54 
3rd 0.73 0.97 1.31 2.73 3.08 
HLF l8t 2.42 3.18 3-29 3.84 3.90 
2nd 1.03 1.18 1.48 1.85 2.05 
3rd 0.81 1.04 1.42 1.74 2.03 
Animal manures 
DM iSt 1.42 1.36 1.21 1.47 1.28 
2nd 0.98 0.97 0-91 1.41 1.09 
3rd 0.78 0.78 0-67 0.85 0.82 
SM iSt 1.31 1.71 1.64 1.69 1.89 
2nd 0.96 0.98 1.11 1.17 1.36 
3rd 0.77 0.74 0.87 1.03 1.37 
CM iSt 1.53 1.78 2-30 1.76 2.40 
2nd 0.88 0.99 1-15 1.13 1.17 
3rd 0.95 0.72 0.82 0.84 1.05 
SjTithetic N 
fertilizer 
UAN iSt 2.60 2.75 3.93 4.16 4.46 
2nd 1.03 1.22 1.87 2.28 2.77 
3rd 0.89 1.13 1.86 2.49 2.67 
cutting and 0.56 % for the third cutting of ryegrass. 
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Table 25. Effect of sources and rates of N applied on yield of N in ryegrass 
produced on a soil with pH 5 
Yield of N at rate of N (mg N kg' soil) specified' 
N source No. of cutting 100 200 300 400 500 
Biotechnology 
by-products 
-mg pot 
SMB 1" 62.6 77.2 155 159 249 
gnd 13.7 14.6 28.5 28.3 64.2 
3rd 5.54 8-75 9.10 13.5 27.4 
SS l»t 82.5 159 196 319 313 
gnd 15.1 23.9 38.6 67.6 63.3 
3rd 6.55 10.5 13.9 22.0 27.9 
HSOM 1" 55.0 52.1 61.3 66.4 83-5 
2nd 10.6 13.5 13.2 16.4 17.0 
3rd 5.57 5.79 6.64 7.28 7-71 
APF 1" 105 189 252 321 298 
2nd 17.5 29.1 56.1 98.0 116 
3rd 8.90 12.2 17.0 50.7 40.5 
HLF 1" 106 213 234 280 306 
9nd 19.3 33.8 43.2 50.5 65.9 
3rd 7.90 10-1 14.7 31.0 40.4 
Animcd manures 
DM 1" 56.8 63.30 129 86.40 88.00 
2nd 14.4 17.7 22.1 19.7 19.7 
3rd 5.92 6.92 7.28 9.80 8.88 
SM ist 70 116 102 128 185 
2nd 16.6 24.7 26.4 37.8 42.1 
3rd 6.47 8.32 15.5 12.9 16.0 
CM iSt 115 131 168 220 265 
2nd 23.0 19.6 30.3 31.3 44.9 
3rd 7.77 14.5 12.4 17.9 18.2 
Synthetic N 
fertilizer 
UAN l8t 124 190 277 347 371 
2nd 20.5 28.0 56.8 75.7 101 
3rd 8.62 13.5 29.6 29.3 48-2 
®Yield of N for control (0 mg N) were 50.3 mg pot'^ for the first cutting, 10.73 mg pot'^ for the 
second cutting and 5.83 mg pot'^ for the third cutting of ryegrass. 
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Table 26. Effect of soxirces and rates of N applied on yield of N in ryegrass 
produced on a soil with pH 6 
Yield of N at rate of N (mg N kg"^ soil) specified" 
N source No. of cutting 100 200 300 400 500 
Biotechnology 
by-products 
1" SMB 56.4 77.9 121 156 211 
2nd 11.1 15.1 22.4 33.1 33.8 
grd 4.29 6.41 9.28 14.9 16.9 
SS 1" 76.9 115 161 249 240 
2nd 14.4 22.6 32.3 35.7 44.8 
grd 6.34 10.8 13.0 16.9 23.8 
HSOM !« 50.7 48.8 60.8 57.7 80.3 
2nd 10.8 11.5 12.7 13.7 13.6 
grd 5.03 5.74 4.83 6.19 6.99 
APF jSt 106 170 243 308 349 
2nd 20.5 23.7 33.9 67.0 103 
grd 8.53 13.2 18.9 35.3 58.2 
HLF ist 92.9 203 229 297 323 
2nd 20.5 29.1 34.6 52.2 65.0 
grd 9.00 11.2 11.7 20.6 27.0 
Animal manures 
DM jSt 48.6 66.7 64.0 88.5 79.0 
2nd 12.6 16.1 16.8 20.7 23.4 
grd 5.66 7.64 7.83 11.5 10.9 
SM iSt 59.9 114 78.7 104 137 
2nd 14.7 21.9 25.9 26.4 31.0 
grd 8.64 8.99 9.70 12.3 13.5 
CM iSt 78.7 135 146 268 221 
2nd 17.7 23.5 28.1 49.4 41.6 
grd 7.74 10.1 13.6 17.4 21.9 
SjTithetic N 
fertilizer 
UAN 1" 123 200 276 352 375 
2nd 24.1 30.1 37.3 110 64.9 
grd 9.50 16.1 18.5 37.3 44.3 
"Yield of N for control (0 mg N) were 50.2 mg pot'^ for the first cutting, 8.67 mg pot'^ for the 
second cutting and 4.70 mg pof^ for the third cutting of ryegrass. 
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Table 27. Effect of sources and rates of N applied on yield of N in ryegrass 
produced on a soil with pH 7 
Yield of N at rate of N (mg N kg" soil) specified' 
N source No. of cutting 100 200 300 400 500 
Biotechnology 
by-products 
-mg pot 
SMB 1"' 106 103 105 84.3 115 
gnd 18.2 18.3 19.6 17.7 20.2 
3rd 5.75 8.07 10.5 10.6 10.5 
SS ist 96.0 119 217 242 217 
2nd 16.4 22.7 26.8 49.5 36.9 
gtd 7.01 10.3 14.1 19.6 21.3 
HSOM 1" 56.6 55.4 57.1 60.2 63.9 
2nd 9.50 13.2 12.3 14.7 16.2 
3rd 5.33 4.74 8.89 5.99 6.94 
APF iSt 120 187 273 306 361 
2nd 21.7 27.0 82.1 87.6 115 
3rd 9.23 13.6 22.2 43.2 51.0 
HLF iSt 111 168 224 291 338 
2nd 21.9 30.3 34.3 44.3 49.7 
3rd 11.1 13.9 21.9 31.5 30.3 
Animal manures 
DM 1" 54.3 52.8 53.7 61.0 58.2 
2nd 11.3 14.5 15.5 28.4 19.4 
3rd 6.76 9.30 7.67 10.2 11.8 
SM 1" 50.4 84.2 97.5 95.0 118 
2nd 13.3 18.7 22.6 21.6 32.5 
3rd 5.79 8.05 9.91 12.5 14.9 
CM l8t 79.3 105 143 127 169 
2nd 15.8 22.0 27.6 24.3 31.2 
3rd 6.90 10.8 10.9 12.4 17.7 
Synthetic N 
fertilizer 
UAN 1" 112 176 256 306 345 
2nd 20.0 25.2 40.4 60.0 71.7 
3rd 9.00 15.9 27.7 42.9 53.0 
®Yield of N for control (0 mg N) were 49.6 mg pot'^ for the first cutting, 10.7 mg pot'^ for the 
second cutting and 4.94 mg pot'^ for the third cutting of ryegrass. 
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Table 28. Effect of sources and rates of N applied on means of percentages 
of N recovered in three cuttings of ryegrass 
Percentages of N recovered at rate of N (mg N soil) specified 
N source Soil pH 100 200 300 400 500 
0/ 
Biotechnology 
by-products 
SMB 5 14.9 16.9 42.0 34.0 55.0 
6 8.30 17.9 29.7 35.0 40.0 
7 64.5 31.8 23.4 12.0 16.0 
SS 5 37.3 63.0 60.0 86.0 67.0 
6 34.1 42.3 48.0 60.0 49.0 
7 54.2 43.4 64.0 61.0 42.0 
HSOM 5 4.40 2.30 4.80 5.80 8.30 
6 3.00 1.20 4.90 3.50 7.50 
7 6.20 4.10 4.40 3.90 4.40 
APF 5 65.0 82.0 86.0 101 77.0 
6 72.0 72.0 78.0 87.0 89.0 
7 85.4 81.0 104 93.0 92.0 
HLF 5 66.5 95.0 75.0 74.0 69.0 
6 58.8 90.0 71.0 76.0 70.0 
7 79.1 74.0 72.0 75.0 70.0 
Animal manures 
DM 5 10.3 10.5 30.4 12.3 9.90 
6 3.30 13.5 8.40 14.3 9.90 
7 7.20 5.70 3.90 8.60 4.80 
SM 5 26.5 41.3 25.8 28.0 35.0 
6 19.8 40.7 16.9 19.8 24.0 
7 4.40 22.9 21.6 16.0 20.1 
CM 5 79.4 49.0 48.0 51.0 52.0 
6 40.6 53.0 42.0 68.0 44.0 
7 36.9 36.3 38.7 25.0 30.0 
Synthetic N 
feitilizer 
UAN 5 86.0 82.0 99.0 96.0 91.0 
6 93.0 91.0 90.0 109 84.0 
7 75.7 76.0 86.0 86.0 81.0 
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Table 29. Effect of sources and rates of N applied on P concentrations of 
ryegrass produced on a soil with pH 5 
P concentration (%) at rate of N (mg N soil) specified" 
N source No. of cutting 100 200 300 400 500 
% 
Biotechnology 
by-products 
SMB jSt 0.323 0.400 0.438 0.506 0.404 
2nd 0.400 0.407 0.445 0.582 0.423 
gtd 0.358 0.414 0.448 0.559 0.421 
SS l8t 0.467 0.582 0.532 0.661 0.639 
2nd 0.521 0.532 0.536 0.712 0.681 
grf 0.490 0.580 0.507 0.652 0.662 
HSOM 1" 0.375 0.394 0.359 0.390 0.419 
2nd 0.368 0.422 0.383 0.423 0.425 
grd 0.370 0.380 0.376 0.396 0.434 
APF 1" 0.403 0.346 0.294 0.371 0.287 
2nd 0.436 0.308 0.243 0.348 0.310 
3rd 0.409 0.327 0.268 0.377 0.285 
HLF 1" 0.403 0.290 0.392 0.391 0.316 
2nd 0.380 0.264 0.387 0.396 0.266 
3rd 0.425 0.277 0.385 0.394 0.308 
Animal manures 
DM ist 0.413 0.424 0.441 0.451 0.549 
2nd 0.416 0.479 0.417 0.524 0.550 
3rd 0.408 0.457 0.445 0.475 0.583 
SM 1" 0.477 0.488 0.615 0.576 0.702 
2nd 0.471 0.431 0.586 0.604 0.637 
3rd 0.494 0.493 0.626 0.554 0.695 
CM 1" 0.457 0.417 0.498 0.595 0.486 
2nd 0.422 0.485 0.506 0.533 0.509 
Srd 0.448 0.424 0.528 0.591 0.478 
Synthetic N 
fertilizer 
UAN l«t 0.487 0.489 0.258 0.366 0.361 
2nd 0.501 0.468 0.251 0.426 0.383 
3rd 0.481 0.503 0.257 0.358 0.368 
®P concentration for control (0 mg N) were 0.422 % for the first cutting, 0.449 % for the second 
cutting and 0.440 % for the third cutting of ryegrass. 
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Table 30. Effect of sources and rates of N applied on P concentrations of 
ryegrass produced on a soil with pH 6 
P concentration (%) at rate of N (mg N soil) specified" 
N source No. of cutting 100 200 300 400 500 
o^ 
Biotechnology 
by-products 
1" SMB 0.414 0.399 0.489 0.531 0.472 
2nd 0.495 0.341 0.490 0.510 0.512 
3rd 0.421 0.384 0.473 0.524 0.489 
SS jst 0.365 0.460 0.593 0.584 0.684 
2nd 0.376 0.481 0.666 0.521 0.699 
3rd 0.359 0.436 0.592 0.585 0.688 
HSOM 1^' 0.347 0.348 0.451 0.386 0.426 
2nd 0.388 0.353 0.428 0.343 0.425 
3rd 0.341 0.362 0.444 0.365 0.417 
APF 1" 0.438 0.399 0.409 0.364 0.462 
2nd 0.499 0.353 0.412 0.421 0.448 
3rd 0.446 0.392 0.411 0.386 0.472 
HLF 1" 0.418 0.453 0.471 0.404 0.501 
2nd 0.407 0.469 0.513 0.405 0.573 
3rd 0.416 0.439 0.487 0.437 0.523 
Animal manures 
DM 1" 0.378 0.469 0.427 0.472 0.494 
2nd 0.360 0.391 0.456 0.473 0.429 
3rd 0.394 0.458 0.445 0.472 0.494 
SM 1" 0.464 0.501 0.577 0.549 0.471 
2nd 0.485 0.551 0.553 0.496 0.521 
3rd 0.460 0.505 0.558 0.549 0.473 
CM 1" 0.411 0.451 0.564 0.501 0.592 
2nd 0.400 0.462 0.545 0.525 0.562 
3rd 0.437 0.462 0.573 0.465 0.571 
Synthetic N 
fertilizer 
UAN jst 0.523 0.435 0.525 0.390 0.401 
2nd 0.520 0.464 0.460 0.401 0.407 
grd 0.560 0.458 0.535 0.410 0.407 
®P concentration for control (0 mg N) were 0.399 % for the first cutting, 0.432 % for the second 
cutting and 0.416 % for the third cutting of ryegrass. 
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Table 31. Effect of sources and rates of N applied on P concentrations of 
ryegrass produced on a soil with pH 7 
P concentration (%) at rate of N (mg N kg'^ soil) specified" 
N source No. of cutting 100 200 300 400 500 
Biotechnology 
by-products 
1" SMB 0.488 0.495 0.517 0.556 0.551 
2nd 0.498 0.523 0.565 0.569 0.516 
3rd 0.485 0.487 0.518 0.560 0.535 
SS I" 0.423 0.414 0.622 0.549 0.663 
<)nd 0.422 0.337 0.651 0.562 0.693 
3rd 0.467 0.389 0.628 0.560 0.662 
HSOM l3t 0.447 0.367 0.459 0.506 0.561 
2nd 0.504 0.338 0.383 0.483 0.499 
3rd 0.447 0.352 0.449 0.512 0.539 
APF ist 0.434 0.439 0.302 0.472 0.563 
2nd 0.440 0.372 0.338 0.500 0.540 
3rd 0.472 0.426 0.290 0.465 0.567 
HLF l8t 0.415 0.504 0.467 0.542 0.511 
2nd 0.481 0.554 0.474 0.536 0.549 
3rd 0.434 0.516 0.462 0.535 0.524 
Animal manures 
DM 1" 0.425 0.408 0.426 0.412 0.485 
2nd 0.424 0.436 0.418 0.435 0.540 
3rd 0.448 0.425 0.432 0.426 0.519 
SM iSt 0.520 0.528 0.507 0.531 0.539 
2nd 0.471 0.521 0.500 0.487 0.499 
Srd 0.509 0.551 0.470 0.551 0.544 
CM ist 0.472 0.456 0.476 0.493 0.591 
2nd 0.486 0.466 0.530 0.498 0.557 
Sid 0.481 0.469 0.474 0.487 0.587 
Synthetic N 
fertilizer 
UAN iSt 0.468 0.415 0.456 0.385 0.366 
2nd 0.490 0.479 0.470 0.346 0.448 
3rd 0.479 0.420 0.436 0.419 0.399 
cutting and 0.361 % for the third cutting of ryegrass. 
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Table 32. Effect of sources and rates of N applied on K concentrations of 
ryegrass produced on a soil with. pH 5 
K concentradon (%) at rate of N (mg N kg"^ soil) specified" 
N source No. of cutting 100 200 300 400 500 
Biotechnology 
by-products 
SMB ist 3.72 4.90 2.49 3.73 3.26 
gnd 3.55 5.08 2.16 3.78 3.15 
3rd 3.64 4.80 2.32 3.68 2.96 
SS ist 4.03 4.35 4.10 4.22 4.82 
2nd 4.00 4.08 4.24 4.40 4.58 
3rd 4.19 4.35 3.99 4.16 4.85 
HSOM jSt 3.59 3.70 3.55 3.29 3.78 
2nd 3.39 3.57 4.03 3.39 3.55 
3rd 3.70 3.62 3.70 3.26 3.81 
APF I" 4.32 3.49 3.51 4.06 4.28 
2nd 4.85 3.71 3.57 4.33 4.05 
3rd 4.41 3.74 3.58 4.06 4.21 
HLF iSt 3.02 3.34 3.10 2.92 2.81 
2nd 3.00 3.69 3.08 2.83 3.16 
3rd 3.00 3.48 3.24 2.96 3.36 
Animal manures 
DM iSt 3.92 4.21 4.07 4.23 5.19 
gnd 4.23 4.10 4.32 3.92 5.22 
3rd 3.91 4.04 4.25 4.09 5.43 
SM iSt 3.67 4.11 4.25 4.36 5.12 
2nd 3.59 4.44 4.34 4.62 4.89 
3rd 3.50 4.16 4.23 4.37 5.28 
CM iSt 4.19 4.00 4.81 4.53 5.79 
2nd 3.94 3.60 4.84 4.17 5.91 
3rd 4.24 3.94 4.70 4.40 5.56 
Synthetic N 
fertilizer 
UAN iSt 3.71 3.01 3.55 2.68 2.47 
2nd 3.64 2.75 3.60 2.93 2.67 
3rd 3.61 2.90 3.33 2.76 2.55 
cutting and 3.58 % for the third cutting of ryegrass. 
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Table 33. Effect of sources and rates of N applied on K concentrations of 
ryegrass produced on a soil with pH 6 
K concentration (%) at rate of N (mg N kg'^ soil) specified" 
N source No. of cutting 100 200 300 400 500 
Biotechnology 
by-products 
SMB ist 4.28 3.62 4.98 4.06 3.83 
gnd 4.29 3.19 5.26 4.15 3.67 
3rd 4.23 3.45 4.73 3.95 4.02 
SS 3.43 4.36 4.25 5-67 4-64 
2nd 3.67 4.23 3.85 5.80 4-30 
3rd 3.41 4.46 4.07 5.45 4.72 
HSOM jSt 3.37 3.09 3.64 3.36 4-10 
2nd 3.24 3.11 3.71 3.69 4-79 
3rd 3.36 3.04 3.71 3.36 3-97 
APF iSt 4.04 3.71 3.10 3.75 3.70 
2nd 3.88 4.00 3.11 3.45 3-94 
3rd 3.89 3.72 3.19 3-68 3.64 
HLF 1" 3.43 3.59 4.19 3.28 3-01 
2nd 2.86 3.39 4.45 2.94 3-20 
3rd 3.50 3.35 3.95 2.98 3-02 
Animal manures 
DM iSt 3.13 3.58 3.79 3-71 3-92 
2nd 3.14 3.41 3.87 3.72 3-87 
3rd 3.11 3.45 3.94 3.81 3-83 
SM r' 3.61 4.33 4.50 4-80 3.15 
2nd 3.62 4.37 4.18 4.58 2.84 
3rd 3.69 4.35 4.32 4-64 3.14 
CM 1" 4.17 4.31 5.11 5.34 5.39 
2nd 4.09 4.05 5.18 5.60 5.34 
3rd 4.01 4.31 4.88 5.25 5.41 
SjTithetic N 
fertilizer 
UAN iSt 4.24 2.98 3.58 3-28 2.67 
2nd 4.90 2.78 3.52 3.46 2.69 
3rd 4.25 2.83 3.64 3.29 2.84 
"K concentration for control (0 mg N) were 2.84 % for the first cutting, 2.91 % for the second 
cutting and 2.70 % for the third cutting of ryegrass. 
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Table 34. Effect of sources sind rates of N applied on K concentrations of 
ryegrass produced on a soil with pH 7 
K concentration (%) at rate of N (mg N kg"'^ soil) specified" 
N source No. of cutting 100 200 300 400 500 
Biotechnology 
by-products 
SMB 1" 3.63 3.65 3.91 4.18 4.47 
2nd 3.60 3.97 4.02 3.60 5.10 
3rd 3.74 3.85 4.02 3.92 4.50 
SS l8t 4.05 4.39 5.23 4.93 4.52 
2nd 4.27 4.26 5.12 4.76 4.72 
3rd 4.01 4.40 5.13 4.80 4.44 
HSOM 1" 3.62 3.34 3.74 3.63 4.57 
2nd 2.94 3.62 3.75 3.34 4.87 
3rd 3.27 3.46 3.70 3.67 4.57 
APF ist 4.04 4.20 3.11 4.63 4.72 
2nd 3.75 4.42 3.29 4.47 4.86 
3rd 3.94 4.29 3.18 4.23 4.53 
HLF ist 3.48 3.92 3.25 3.31 3.06 
2nd 3.16 3.81 3.54 3.63 2.99 
3rd 3.58 4.02 3.43 3.30 3.34 
Animal manures 
DM iSt 3.57 3.41 3.31 3.46 3.89 
2nd 3.66 3.34 3.56 3.76 3.61 
Srd 3.56 3.49 3.52 3.47 3.82 
SM iSt 2.60 3.74 3.46 4.16 3.79 
2nd 2.73 3.81 3.30 3.84 3.67 
3rd 2.89 3.91 3.48 3.92 3.69 
CM 1" 4.33 3.88 4.80 4.87 5.43 
2nd 4.42 3-71 4.92 4.54 5.18 
3rd 4.14 3.91 5.01 4.76 5.42 
SjTithetic N 
fertilizer 
UAN ist 3.44 3.37 3.46 3.11 2.95 
2nd 3.54 3.25 3.35 3.12 3.42 
3rd 3.34 3.26 3.43 3.09 2.97 
concentration for control (0 mg N) were 2.82 % for the first cutting, 3.07 % for the second 
cutting and 2.74 % for the third cutting of ryegrass. 
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Table 35. Efifect of sources and rates of N applied to ryegrass on means of 
soil pH-HaO after harvest 
Soil PH-H2O at rate of N (mg N kg' soil) specified® 
N source Soil pH 100 200 300 400 500 
Biotechnology 
by-products 
SMB 5 5.61 5.39 5.51 5.56 5.40 
6 6.44 6.40 6.25 6.16 6.27 
7 7.12 7.21 7.11 7.17 7.19 
SS 5 5.61 5.20 5.58 5.29 5.29 
6 5.59 6.42 5.62 5.90 6.10 
7 6.87 7.04 6.93 6.84 7.07 
HSOM 5 5.08 4.95 4.72 4.54 4.34 
6 6.47 5.58 5.24 5.06 4.89 
7 6.84 6.72 6.86 6.62 6.45 
APF 5 5.53 5.05 4.61 4.44 4.50 
6 6.14 5.35 5.16 4.92 4.77 
7 7.24 7.10 6.67 6.51 6.09 
HLF 5 5.01 4.68 4.47 4.36 4.23 
6 5.51 5.59 5.10 4.97 4.73 
7 6.92 6.80 6.55 6.58 6.34 
jiimal manures 
DM 5 5.37 5.49 6.03 6.28 6.28 
6 6.42 6.63 6.30 6.93 6.94 
7 7.44 7.45 7.35 6.89 7.70 
SM 5 5.65 5.64 5.66 5.51 5.50 
6 6.33 6.17 6.57 6.54 6.37 
7 7.26 7.21 7.30 7.15 6.98 
CM 5 5.89 5.80 5.34 6.21 6.21 
6 6.76 6.09 6.61 6.66 6.76 
7 7.30 7.22 7.02 7.35 7.35 
ynthetic N 
fertilizer 
UAN 5 5.27 5.14 5.06 5.17 5.22 
6 6.11 5.84 5.75 5.75 5.78 
7 7.18 7.21 7.21 7.24 7.32 
® soil pH-HaO for control (0 mg) were 5.50 for pH 5, 6.35 for pH 6, and 7.50 for pH 7. 
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Table 36. Effect of soxirces and rates of N applied to ryegrass on means of 
soil pH-CaCl2 after harvest 
Soil pH-CaCU at rate of N (mg N kg"' soil) specified® 
N source SoilpH 100 200 300 400 500 
Biotechnology 
by-products 
SMB 5 5.11 5.02 5.06 5.15 5.00 
6 6.07 5.99 5.82 5.76 5.84 
7 6.79 6.77 6-76 6.80 6.80 
SS 5 5.22 4.81 5.20 5.93 4.92 
6 5.24 6.03 5.24 5.45 5.78 
7 6.42 6.74 6.50 6.42 6.73 
HSOM 5 4.73 4.50 4.33 4.15 3.99 
6 6.07 5.20 4.84 4.69 4.46 
7 6.41 6.25 6.43 6.15 6.09 
APF 5 5.22 4.70 4.18 4.07 4.11 
6 5.72 4.92 4.80 4.44 4.30 
7 6.82 6.62 6.25 6.09 5.67 
HLF 5 4.57 4.25 4.02 3.96 3.83 
6 5.12 5.19 4.78 4.65 4.27 
7 6.45 6.33 6.17 6.21 5.94 
Animal manures 
DM 5 5.29 5.01 5.68 5.88 5.92 
6 6.03 6.15 5.86 6.43 6.60 
7 7.07 7.00 6.98 6.48 7.24 
SM 5 5.33 5.22 5.22 5.04 5.17 
6 5.92 5.78 6.21 6.13 5.95 
7 6.87 6.86 6.88 6.70 6.60 
CM 5 5.51 5.38 4.92 5.84 5.90 
6 6.40 5.62 6.19 6.23 6.25 
Synthetic N 
fertilizer 
7 6.93 6.84 6.59 6.97 6.94 
UAN 5 4.88 4.77 4.70 4.76 4.81 
6 5.77 5.45 5.43 5.30 5.35 
7 6.77 6.83 6.90 6.83 6.84 
^soil pH-CaCl2 for control (0 mg) were 5.05 for pH 5, 5.94 for pH 6, and 7.05 for pH 7. 
Table 37. Analysis of variance of effects of biotechnology by-products and animal manures 
on several properties of ryegrass and soil 
Source of Total dry Yield N Soil pH 
variation matter" of N recovered H2O CaCli, 
Block F value 21.6 5.9 7.4 2.6 2.7 
Significance level ** * ** ns ns 
Source of N (N) F value 122 306 247 98.0 98.0 
Significance level ** ** ** ** 
Rate F value 120 356 3.4 11.6 12.2 
Significance level ** ** * ** ** 
Soil pH (pH) F value 3.7 13.6 6.0 949 936 
Significance level * ** ** ** ** 
N X Rate F value 3.1 19.2 1.8 5.3 5.4 
Significance level ** ** * ** ** 
N x p H  F value 1.8 3.2 2.6 5.6 5.2 
Significance level * ** ** ** ** 
Rate X pH F value 0.5 4.3 2.6 0.9 1.1 
Significance level ns ** * ns ns 
N X Rate x pH F value 1.3 1.5 1.5 1.4 1.5 
Significance level ns * * * * 
" **, *, and ns are significant at p< 0.01, 0.05, and non significant, respectively. 
Table 38. Effect of Source of N on means of several parameters of ryegrass and soil 
Source of 
variation 
Total dry 
matter" 
Yield 
of N 
N 
recovered 
Soil pH 
HijO CaCla 
oq
 0 1 1 1 1 1 1 1 1 1 % 
Control 6.1 63 - 6.45 6.01 
Biotechnology by-products (BB) 
SMB 8.8 157 29.4 6.32 5.92 
SS 10.4 236 54.1 6.09 5.71 
HSOM 6.6 80 4.6 5.62 5.22 
APF 11.5 326 84.3 5.61 5.19 
HLF 10.4 287 74.4 5.46 5.05 
Animal manures (AM) 
DM 7.4 97 10.2 6.66 6.24 
SM 8.8 139 24.2 6.39 5.99 
CM 10.4 200 46.2 6.57 6.17 
Synthetic fertilizer 
UAN 10.8 333 88.4 6.08 5.69 
Contrast 
UAN vs. BB & AM Estimate -1.49 -143 -47.5 0.005 -0.007 
Significance level -k-k ** ** ns ns 
UAN vs. BB Estimate -1.23 -116 -39.1 -0.265 -0.275 
Significance level ** ** ** ** ** 
UAN vs. AM Estimate -1.92 -188 -61.6 0.456 -0.440 
Significance level ** ** ** ** ** 
BB vs. AM Estimate 0.69 72 22.5 -0.721 -0.715 
Significance level ** ** ** ** ** 
" **, *, and ns are significant at p< 0.01, 0.05, and non significant, respectively. 
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pH and their interactions. In general, increasing the rate of N appUcation 
significantly increased the dry matter 5rield. Contrast comparison (ANOV^A) 
showed that, as a group, biotechnology by-products, animal manures, and UAN. 
significantly affected most crop parameters (dry matter yield, total N, yield of N. 
and percentages of N recovered) and soil pH (Table 38). 
The effect of soil pH on the dry matter yields of each cutting and the total 
dry matter yields of ryegrass was generally statistically significant (Tables 37 
and 38). However, the LSD test (not shown) within the sources and rates of N 
revealed that, with few exceptions, there were few soiorces and N rates that 
showed significant effect of soil pH values on dry matter yields. In control, the 
dry matter produced in the second cuttings at pH 7 was greater than that 
produced at pH 6 and equal to that produced at pH 5. In the case of 
biotechnology by-product SMB at rate of 300 mg kg-i soil, the total dry matter 
yields at pH 7 was inferior to those produced at pH 5 and 6 (Tables 19-21). 
The effect of different sources of N on total dry matter yield of ryegrass is 
shown in Figures 63-67, and response curves for the relationship between total 
of dry matter 5deld produced as a function of the amount of N added per kg of 
soil are shown in Figures 68-72 for biotechnology by-products, in Figures 73-75 
for the animal manures, and in Figxire 76 for the UAN fertilizer. Comparison of 
dry matter yield of three cuttings of ryegrass as affected by sources and rates of 
N at various pH values is shown in Figure 77. The dry matter yield was greater 
in the first cutting of ryegrass followed by the second cutting then the third 
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Figure 63. Effect of sources of N applied at 100 mg N kg ' soil on dry matter yield of three cuttings of 
ryegrass produced on a soil with three pH values. Different letters indicate significantly 
different means at p<0.05 by using LSD test. 
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Figure 64, Effect of sources of N applied at 200 mg N kg ' soil on dry matter yield of three cuttings of 
ryegrass produced on a soil with three pH values. Different letters indicate significantly 
different means at p<0.05 by using LSD test. 
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Figure 65. Effect of sources of N applied at 300 mg N kg ' soil on dry matter yield of three cuttings of 
ryegrass produced on a soil with three pH values. Different letters indicate significantly 
different means at p<0.05 by using LSD test. 
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Figure 66. Effect of sources of N applied at 400 mg N kg ' soil on dry matter yield of three cuttings of 
ryegrass produced on a soil with three pH values. Different letters indicate significantly 
different means at p<0.05 by using LSD test. 
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Figure 67. Effect of sources of N applied at 500 mg N kg ' soil on dry matter yield of three cuttings of 
ryegrass produced on a soil with three pH values. Different letters indicate significantly 
different means at p<0.05 by using LSD test. 
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Figure 68. Effect of rates of N of sterilized microbial biomass (SMB) on total dry matter yield of three cuttings 
of ryegrass produced on a soil with different pH values 
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Figure 69. Effect of rates of N of slops (SS) on total dry matter yield of three cuttings of ryegrass produced 
on a soil with different pH values 
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Figure 70. Effect of rates of N of hydrolyzed soybean oil meal (HSOM) on total dry matter yield of three 
cuttings of ryegrass produced on a soil with different pH values 
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Figure 71. Effect of rate of N of ajinomoto proto ferm (APF) on total dry matter yield of three cuttings 
of ryegrass produced on a soil with different pH values 
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Figure 72. Effect of rate of N of heartland lysine ferm (HLF) on total dry matter yield of three cuttings 
of ryegrass produced on a soil with different pH values 
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Figure 73. Effect of rates of N of dairy manure (DM) on total dry matter yield of three cuttings 
of ryegrass produced on a soil with different pH values 
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Figure 74. Effect of rates of N of swine manure (SM) on total dry matter yield of three cuttings of 
ryegrass produced on a soil with different pH values 
20 
•tj 
o Qi 
^ 15 
f-H 0) 
Jh 
QJ 
a 
O 
c 
-tJ o O 
H 
pH = 5 pH = 6 
Y=6.97+0.016X-1.30e'^X^ 
R^=0.888 
Y=5.79+0.026X-2.73eV 
R^=0.994 
0 
1 1 1 1 1 1 t 1 1 1 1 1 
100 200 300 400 500 0 100 200 300 400 500 0 
N added (mg N kg'^ soil) 
pH = 7 
Y=6.39+0.018X-1.56e'''X^ 
R''^=0.983 
100 200 300 400 500 
Figure 75. Effect of rate's of N of chicken manure (CM) on total dry matter yield of three cuttings of 
ryegrass produced on a soil with different pH values 
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Figure 76. Effect of rates of N of urea-ammonium nitrate (UAN) on total dry matter yield of three cuttings of 
ryegrass produced on a soil with different pH values 
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Figure 77. Effect of rates of N of biotecnology by-products or animal manures on total dry matter yield of 
three cuttings of ryegrass produced on a soil with three pH values 
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cutting (Tables 19-21). The dry matter yields of the first cutting represent more 
than two-third of the total dry matter yields produced by ryegrass in three 
cuttings. Among the sources of N used, taking into account biotechnologv' by­
products, animal manures, and UAN, HSOM and DM were always markedlj' 
inferior sources. This could be because of the low pH value of HSOM and the 
chemical nature of organic N and high concentration of organic C in DM. There 
was a tendency for SMB and SM to cause lower yields than other materials 
tested. In general, the responses of other sources of N were similar to the 
response of the conventional N source, UAN. 
Effect of biotechnology bv-products 
The biotechnology by-products, except HSOM, produced significantly 
greater dry matter 5nLelds than those produced by control pots (0 mg N kg-^) 
(Figures 63-67). The most effective biotechnology by-products used in this study, 
APF and HLF, produced similar or greater dry matter yield than those produced 
by UAN. At low rates of N (100 and 200 mg N kg-^ soil), among the 
biotechnology by-products that produced the highest dry matter yields were; 
APF at all soil pH values, except at soil pH 6 with 200 mg N kg-i soil at which 
HLF produced the greatest dry matter yield. 
At 300 and 400 mg N kg-^ soil, all biotechnology by-products produced 
significantly greater dry matter yields than those produced in the control pots. 
The biotechnology by-products, APF and HLF produced significantly greater dry 
185 
matter yields than those produced by UAN, with the exception of pH 6 at 400 mg 
N kg-i soil (Figures 65 and 66). Among the biotechnology by-products, HSOM 
produced the lowest dry matter yield at all rates. Low dry matter yield produced 
when the biotechnology by-product HSOM was used. This is similar to the 
finding of its effect on corn jdeld (Part II). This suggests that the use of HSOM 
as a source of N for crop should be not be recommended because of its inability to 
supply plants with enough N within the growing season. 
At the highest rate of N (500 mg N kg-^ soil), all biotechnology by-products 
produced significantly greater dry matter yields than those produced by the 
control pots at all soil pH values (Figure 68). Severed biotechnology by-products, 
such as APF at all soil pH values, and SS and HLF at pH 5 and 7 , produced 
significantly greater dry matter yields than those produced using UAN. The dry 
matter yield produced by biotechnology by-products and UAN in decreasing 
order were: SS > APF > HLF > UAN > SMB > HSOM for soil pH 5, APF > UAN 
> SS > HLF > SMB > HSOM for soil pH 6, and APF > SS > HLF > UAN > SMB > 
HSOM for soil pH 7. Among biotechnology by-products, HSOM produced the 
lowest dry matter yield at all soil pH values. 
Plant growth responses to the rates of N studied when the five 
biotechnology by-products appHed to the soils are illustrated in Figures 78-86. 
By using the means of three replications, linear equations were used to describe 
the relationship between dry matter yield and rates of N applied to each soil. In 
most of these relationships, was >0.70. Comparison of total yield of N of three 
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78. Effect of rates of N of sterilized microbial biomass (SMB) on total yield of N of three cuttings of 
ryegrass produced on a soil with different pH values 
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79. Effect of rates of N of slops (SS) on total yield of N of three cuttings of ryegrass produced on a 
with different pH values 
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80. Effect of rate of N of hydrolyzed soybean oil meal (HSOM) on total yield of N of three cuttings 
ryegrass produced on a soil with different pH values 
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81. Effect of rate of N of ajinmoto proto ferm (APF) on total yield of N of three cuttings of ryegrass 
produced on a soil with different pH values 
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82. Effect of rates of N of heartland lysine ferm (HLF) on total yield of N of three cuttings of 
produced on a soil with different pH values 
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83. Effect of rates of N of dairy manure (DM) on total yield of N of three cuttings of ryegrass produced 
on a soil with different pH values 
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84. Effect of rates of N of swine manure (SM) on total yield of N of three cuttings of ryegrass 
on a soil with different pH values 
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85. Effect of rates of N of chicken manure (CM) on total yield of N of three cuttings of ryegrass 
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86. Effect of rates of N of urea-ammonium nitrate (UAN) on total yield of N of three cuttings of 
produced on a soil with different pH values 
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cuttings of ryegrass as affected by sources and rates of N at the three pH values 
is shown in Figure 87. These response curves show the differences among the 
biotechnology by-products in their ability to supply plants with N. In general, 
increasing the rate of N increased dry matter yield up to the highest rate or in 
some cases to certain point, then it remained constant or slightly decreased. 
Effect of animal manures 
Statistical analysis showed that the total dry matter yields produced 
when animal manxires were used, as sources of N, were significantly lower than 
those produced with UAN (Table 38). The dry matter jrields produced with 
animal manures varied greatly, depending on the rate of N and the tj^je of 
animal manure. At low rate of N (100 mg N kg-^ soil), with the exception of CM 
at pH 5 and 7, application of animal manure produced significantly lower dry 
matter yields than those produced with UAN at soil pH 5, 6, and 7. Chicken 
manure was superior to UAN in producing dry matter yield at pH 5 and 7, and 
to SM and DM at all soil pH values. Similar results were found with 300 mg N 
kg-^ soil application at pH 6, 400 and 500 mg N kg-^ soil application at pH 6 
(Figure 66). 
Yield of Nitrogen 
From the dry matter yield and percentage of N in the harvested plant 
material, the yield of N was calctdated for each cutting. The mean values of N 
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87. Effect of rates of N in biotecnology by-products or animal manures on yield of N of three 
cuttings of ryegrass produced on a soil with three pH values. 
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concentrations in ryegrass for each cutting are presented in Tables 22-24. The 
individual results for the replicated pots are shown in the Appendix (Tables 57-
59). The concentration of N in plant tissue varied considerably and was affected 
by the N source, N rate, and the soil pH. The first cutting had the highest N 
concentration, which decreased with increasing number of cuttings. Increasing 
the rate of N application resulted in increasing N concentration in ryegrass. 
Yields of N in the three cuttings of ryegrass produced by the biotechnology 
by-products, animal manures, and UAN varied markedly among the three soil 
pH values used. The total 3delds of N produced using the biotechnology by­
product SMB at 100 mg N kg-^ was greater at soil pH 7 than those produced at 
soil pH 5 and 6. With the biotechnology by-product SS, similar amoiint of the 
yields of N were obtained at all soil pH values. The effect of different sources of 
N on total yield of N of the three cuttings of ryegrass is shown in Figures 88-92. 
Effect of biotechnology bv-products 
Compared to the control pots, the application of biotechnology by-products 
generally produced greater yield of N at all soil pH values, with the exception of 
HSOM. The biotechnology by-products APF, HLF, and SS in some cases 
produced similar or even greater yield of N than those produced by the 
conventional N source, UAN. The total yields of N in ryegrass ranged from 45.1 
mg N pot-i in soil pH 6 amended with 200 mg N kg-^ HSOM to 568 mg M pot-^ in 
soil pH 7 amended with 500 mg N kg-^ soil APF, with an overall mean of all 
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Figure 88. Effect of sources of N applied at 100 mg N kg ' soil on yield of N in three cuttings of ryegrass 
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Figure 89. Effect of sources of N applied at 200 mg N kg ' soil on yield of N in three cuttings of ryegrass 
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Figure 90. Effect of sources of N applied at 300 mg N kg ' soil on yield of N in three cuttings of ryegrass 
produced on a soil with different pH values 
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Figure 91. Effect of sources of N applied at 400 mg N kg ' soil on yield of N in three cuttings of ryegrass 
produced on a soil with different pH values 
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Figure 92. Effect of sources of N applied at 500 mg N kg ' soil on yield of N in three cuttings of ryegrass 
produced on a soil with different pH values 
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sources and rates being 212 mg N pot-i. The order of biotechnology by-products 
and UAN that produced higher to lower total yield of N at three soil pH values in 
general were: UAN > APF > HLF > SS > SMB > HSOM. Response cxirves that 
show relationship between the rates of N applied and total yields of N are 
presented in Figures 78-86. These response curves show that increasing N rate 
increased the jdeld of N, which fitted linear equations. 
Effect of ammaT manures 
The total yields of N produced by animal manures were generally greater 
than those produced by the control counterparts, except for DM in some cases. 
Animal manxires produced lower yields of N than those produced by UAN 
(Figures 88-92). The total yields of N in ryegrass produced by animal manures 
ranged from 61.7 mg N pot"^ in soil pH 6 with 100 mg N kg-^ DM to 379.9 mg 
pot-i in soil pH 6 amended with CM, with an overall mean of all sovirces and 
rates being 140 mg N pot*^. The total yields of N in ryegrass produced by 100 mg 
N kg-i CM at soil pH 5 was equal to that produced by the corresponding UAN. 
The order of animal manures and UAN that produced higher to lower total 
yields of N in three.soil pHs in general were: UAN > CM > SM > DM. Response 
curves that show the relationship between the rate of N applied and total yields 
of N are presented in Figures 78-86. These response curves show that increasing 
N rate increased the 3^eld of N, which fitted linear equations. 
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Relationships between Dry Matter Yield and Yield of Nitrogen 
The relationship between the total dry matter yield and yield of N of three 
cuttings of ryegrass grown on soil treated with biotechnology by-products or 
animal maniures or UAN at three pH values, 5, 6, axid 7 are presented in Figxires 
93-101. To allow for comparison of the internal efiSciency of the N sources and 
rates the means of each level of N for the biotechnology by-products, animal 
manures, and UAN were plotted against N uptake (Figure 102). The figure 
indicates that the effectiveness of a unit quantity of N taken up by ryegrass in 
increasing the dry matter yield of this crop did not differ among the N sources 
studied. 
Because the N uptake differed among the sources at the same application 
rate, the data points for the different N fertilizers fell at different locations on 
response curves. This shows the wide variability of the effectiveness of the 
materials used in this study as source of N. The differences maybe due to the 
differences of the chemical make up of the materials used and, hence, their 
capacity to release inorganic N available for plants uptake. 
Percentages of N Recovered 
The means of percentages of the N applied recovered by the above ground 
parts of ryegrass in all cuttings as calculated by the difference method are shown 
in Table 28. The results presented show that the N recovered in ryegrass varied 
markedly among the sources of N, rates of N, and soil pH values. In general, the 
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Figure 93. Relationship between total of dry matter yield and total yield of N in ryegrass produced on a 
soil with different pH values treated with six rates of N as sterilized microbial biomass (SMB) 
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Figure 95. Relationship between total of dry matter yield and total yield of N in ryegrass produced on a s 
with different pH values treated with six rates of N as hydrolyzed soybean oil meal (HSOM) 
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Figure 96. Relationship between total of dry matter yield and total yield of N in ryegrass produced on 
a soil with different pH values treated with six rates of N as ajinomoto proto ferm (APF) 
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Figure 97. Relationship between total of dry matter yield and total yield of N in ryegrass produced on 
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Figure 98. Relationship between total of dry matter yield and total yield of N in ryegrass produced on 
a soil with different pH values treated with six rates of N as dairy manure (DM) 
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Figure 99. Relationship between total of dry matter yield and total yield of N in ryegrass produced on 
a soil with different pH values treated with six rates of N as swino manure (SM) 
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Figure 100. Relationship between total of dry matter yield and total yield of N in ryegrass produced on 
a soil with different pH values treated with six rates of N as chicken manure (CM) 
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Figure 101. Relationship between total of dry matter yield and total yield of N in ryegrass produced on 
a soil with different pH values treated with six rates of N as urea ammonium nitrate (UAN) 
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Figure 102. Relationship between dry matter yield and yield of N of three cuttings of ryegrass produced on 
a soil with different pH values amended with biotechnology by-products or animal manures 
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greatest recovery of N was found when UAN, APF, and HLF used as source of N, 
and the least recovery was when HSOM and DM used, whereas the recovered N 
when SMB, SS, SM, and CM used as source of N were in the intermediate. 
The high recovery of N in ryegrass when UAN, APF, HLF were used can 
be e3q)lained by the mobility of N. Cantarella and Tabatabai (1983) reported 
that the recovery of N from different amide compoimds by four cuttings of 
ryegrass reached > 92%. Westerman et al. (1972) reported greater percentages 
of N recovery in sorghum than those foxmd in this study. They found that under 
optimvim weather conditions, the recovery of N were 99% for oxamide and 93% 
for urea. 
Expressed as percentages of the organic N added, the means of organic N 
recovered in three cuttings of ryegrass are presented in Figures 103-105. The 
proportion of organic N taken up by three cuttings of ryegrass was calculated 
from the difference between the total N yield derived from a material used 
(biotechnology by-product or animal manure) and that from inorganic N sources 
in that material. The N 3rield derived from inorganic N sources in a material 
was estimated from the amovmt of inorganic N in the material applied to soil at 
each application rate and the percentage N recovery of N in UAN at that rate. 
This estimate was based on the assiimption that the efficiency of inorganic N in 
each material was the same as that of N in UAN at each apphcation rate (Zhu et 
al., 1995). The percentages of organic N recovered in three cuttings of ryegrass 
varied markedly among N sources, rates of N, and soil pH values. 
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Soil pH after Harvest 
At the end of ryegrass experiment, a soil sample from each pot was taken 
and the pH was measured. The means of the soil pH values after termination of 
the experiment are presented in Tables 35 and 36. The results of the individual 
values are reported in the Appendix (Table 60). The statistical analysis 
(ANOVA) showed that the pH values were significantly affected by the source 
and the rate of N application (Table 37). However, the changes of soil pH after 
the completion of the experiment were not big enough to affect the original soil 
pH, or to level out the original differences in soil pH. In general, the application 
of biotechnology by-products decreased soil pH, whereas animal manures 
increased soil pH. 
Relationships between the Organic N Uptake by Ryegrass imder 
Greenhouse Conditions and Mineralizable N under Laboratory Conditions 
The relationship between organic N uptake by ryegrass grown on soils 
with pH values of 5, 6, or 7 and the cumulative amounts of N mineralized in the 
same soils treated with biotechnology by-products or animal manure during 6 or 
20 weeks of incubation at 20 or 30°C are shown in Figures 106-109. The 
relationships between the amount organic N taken up by three cutting of 
ryegrass and No or the k value are illustrated in Figures 110-113. These figxu:es 
show a linear relationships between organic N uptake and N mineralized in 6 
and 20 weeks of incubation, at 20 and 30°C at all soil pH values. The correlation 
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Figure 106. Relationship between uptake of organic N by three cuttings of ryegrass and cumulative 
amounts organic N mineralized in a soil of different pH values treated with biotechnology 
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Figure 108. Relationship between uptake of organic N by three cuttings of ryegrass and cumulative 
amounts organic N mineralized in a soil of different pH values treated with biotechnology 
by-products or animal manures and incubated under aerobic conditions at 20" C for 20 weeks 
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Figure 110. Relationship between uptake of organic N by three cuttings of ryegrass and values of 
mineralization in a soil of different pH values treated with biotechnology by-products or 
animal manures and incubated under aerobic conditions at 20" C for 20 weeks 
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Figure 111. Relationship between uptake of organic N by three cuttings of ryegrass and values of 
mineralization in a soil of different pH values treated with biotechnology by-products or 
animal manures and incubated under aerobic conditions at 30° C for 20 weeks 
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113. Relationship between uptake of organic N by three cuttings of ryegrass and k values of 
mineralization in a soil of different pH values treated with biotechnology by-products or 
animal manures and incubated under aerobic conditions at 30" C for 20 weeks 
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coefficients for these relationships at 20°C ranged from 0.81* for soil pH 7 with 
20 weeks of incubation to 0.96*** for soil pH 7 with 6 weeks incubation time. At 
30°C, The correlation coefficients for the relationships ranged from 0.59 for soil 
pH 6 with 20 weeks of incubation to 0.99*** soil pH 6 with 6 weeks incubation. 
In general, the correlation coefficients for the relationships between organic N 
uptake by ryegrass and mineralizable N tmder laboratory conditions were the 
highest for soil pH 6. Some data points, however, deviated from this 
relationship; the nvmiber of points deviated varied among parameter evaluated. 
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SUMMARY AND CONCLUSIONS 
Biotechnology by-products and animal manures have received 
considerable attention in recent years because of the problems associated with 
their disposal and because of their potential use as soil amendments and as 
sources of nutrients for crops. A laboratory experiment was conducted to assess 
the potential N mineralization in five biotechnology by-products and three 
animal manures added to an agricultxiral soil with pH values of 5, 6, and 7 and 
incubated at 20°C or SQoC. Two greenhouse experiments were conducted by 
using the same soils to evaluate those materials as sources of N for plants corn 
{Zea mays L,) and ryegrass {Lolium multiflorum L.). The biotechnology by­
products used were sterilized microbial biomass (SMB), slops (SS), hydrolyzable 
soybean oil meal (HSOM), Ajinomoto proto ferm (APF), and Heartland lysine 
ferm (HLF). The animal manures included dairy (DM), swine (SM), and chicken 
(CM) manures. 
The objectives of this study were: (1) to assess the effect of soil pH on the 
N mineralization rates and the potentially minerahzable N (No) of soils treated 
with biotechnology by-products or animal manxires, (2) to determine the effect of 
soil pH on the availability of N to corn and ryegrass firom selected biotecknology 
by-products and animal manures, and (3) to study the relationships between 
plant uptake of organic N fi:om a soil of different pH values treated with 
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biotechnology by products or animal manures under greenhouse conditions and 
mineralizable N under laboratory conditions. 
The results of this study can be sximmarized as follows: 
1. The patterns of cumulative N mineralized soils treated with 
biotechnology by-product and animal manure were the same, regardless of the 
incubation temperature and soil pH value. However, the magnitude of the N 
mineralized varied with incubation temperature and soil pH. 
2. In general, the order of total cumulative amounts of N mineralized 
in soils treated with biotechnology by-product and animal manvure followed: soil 
pH 7 > pH 6 > pH 5. The results obtained, however, indicated that soil pH 
affected N mineralization of biotechnology by-products and animal manvires, but 
this effect was not pronounced. 
3. The Qio values of N mineralization in soils treated with 
biotechnology by-products and animal manures varied markedly. The 
theoretical value of Qio is 2.0. However, the closest to this value was obtained 
when HSOM used in soil pH 6. The Qio obtained in this work ranged from 0.7 
for soil pH 5 amended with APF to 1.5 for soil pH 6 amended with HSOM. In 
general, the Qio values on N mineralization of soils treated with biotechnology 
by-products and animal manures were about 1.1 to 1.3. 
4. The percentages of organic N mineralized at 20° C in biotechnology 
by-products and animal manures added to soil pH 5, 6, and 7 varied 
considerably. They ranged from 3.44% in soil pH 5 amended with HSOM to 
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255% in soil pH 5 amended with APF. The corresponding values at 30°C ranged 
from. 2.51% in soil pH 5 amended with HSOM to 224% in soil pH 5 amended 
with HLF. The greater percentage of organic N mineralized in soils treated with 
APF or HXiF could be due to priming effect. 
5. The N mineralization potentials (No) values at 20°C calculated for N 
mineralization of soils treated with biotechnology by-product and animal 
manure varied considerably. They ranged from 124 mg N kg"^ soil in soil pH 6 
amended with HSOM to 1340 mg N kg-^ soil in soil pH 5 amended with APF, 
while the k constants ranged from 0.046 week*^ in HSOM added to soil pH 5 to 
0.767 week-i in soil pH 7 amended with APF. The corresponding values at 30°C 
ranged from 130 mg N kg-^ soil in soil pH 5 amended with HSOM to 1226 mg N 
kg-^ soil in soil pH 5 amended with HLF. The k constant varied from 0.041 
week"^ in soil pH 6 amended with DM to 0.853 week-^ in soil pH 7 amended with 
APF. 
6. In general, the dry matter jdelds of corn were significantly greater 
in soils treated with biotechnology by-products than those produced by the 
control (0 mg N kg-i) at all soil pH values, except when treated with HSOM in 
some cases. Moreover, some biotechnology by-products, such as APF and HLF, 
produced as much dry matter yield of corn, or significantly greater in some 
cases, than those produced on soils treated with UAN. 
7. Application of animal manures as soxrrces of N for corn resulted in 
significantly greater dry matter yields than those produced on the control. 
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Compared with. UAN, in general, at all rates of N, application of animal manures 
produced significantly lower amovmts of dry matter yields. Chicken manure 
produced the greatest dry matter 5deld among animal manures at all N rates 
and at all soil pH values. 
8. Almost at all rates of N and at all soil pH values, the biotechnolog\* 
by-products, APF, HLF, and SS produced greater yield of N in corn tops than 
those produced by SMB and HSOM. However, UAN produced greater yield of N 
than most biotechnology by-products at all soil pH values. 
9. The total yields of N in corn tops produced by animal manures were 
generally greater than those produced by the control, except when some soils 
were treated with DM. However, animal manures produced lower yields of N 
than those produced by UAN at all soil pH values. 
10. The percentage of total N recovered in corn tops varied markedly 
within N sources and soil pH values. They ranged from 0 in soil pH 7 treated 
with 100 mg N kg-^ soil HSOM to 100 in soil pH 5 treated with 300 mg N kg-i soil 
in the case of UAN. However, in general, the percentage of N recovered in corn 
tops increased with increasing the rate of N application. 
11. Application of biotechnology by-products to corn, in general, 
reduced soil pH, especially in the case of APF and HLF at all soil pH values; 
increasing the rate of N application of biotechnology by-products decreased the 
soil pH. These decreases varied with the biotechnology by-products used. 
Application of animal manures to corn increased soil pH. 
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12. The effect of soil pH on the dry matter jdelds of each cutting, and 
the total dry matter yields of ryegrass, was generally statistically significant. 
However, LSD test within the sources and rates of N revealed that, with few 
exceptions, there were few sources and N rates that showed significant effect of 
soil pH values on dry matter yield of ryegrass. 
13. The dry matter yield of ryegrass was greater in the first cutting 
followed by the second cutting then the third cutting. The dry matter yields of 
the first cutting represent more than two-thirds of the total dry matter yields 
produced by ryegrass in three cuttings. 
14. In general, the dry matter yields of ryegrass produced by soils 
treated with biotechnology by-products were significantly greater than those 
produced by the control (0 mg N kg-'^) at all soil pH values. Moreover, some 
biotechnology by-products, namely APF and HLF, produced as much dry matter 
yields, or significantly greater in some cases, than those produced with UAN. 
15. The total dry matter yields of ryegrass produced with animal 
manures varied greatly, depending on the rate of N and the type of animal 
manure. At low rate of N (100 mg N kg-i soil), with the exception of CM at pH 5 
and 1, application of animal manure produced significantly lower dry matter 
yields than those produced with UAN at soil pH 5, 6, and 7. Chicken manure 
was superior to UAN in producing dry matter yield at pH 5 and 7, and to SM 
and DM at all soil pH values. Similar resvilts were found with 300 mg N kg-i soil 
application at pH 6, 400 and 500 mg N kg-i soil application at pH 6. 
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16. Total jnields of N in the three cuttings of ryegrass produced on soils 
treated with the biotechnology by-products, animal manures, and UAN were 
markedly varied among the three soil pH values used. The total 5delds of N 
produced using the biotechnology by-product SMB at 100 mg N kg-^ was greater 
in soil pH 7 than those produced in soil pH 5 and 6. In another case, with the 
biotechnology by-product SS similar amotmt of the total jdelds of N was obtained 
at all soil pH values. 
17. The results showed that the N recovered in ryegrass from 
biotechnology by-products and animal manures varied markedly among the 
source of N, rate of N, and soil pH. In general, the greatest N recovery was 
found when UAN, APF, and HLF used as source of N, and the least when HSOM 
and DM used, whereas the N recovery when SMB, SS, SM, and CM used as 
sovurces of N were intermediate. 
18. Organic N uptake by corn tops and three cuttings of ryegrass was 
significantly correlated with the cumulative N mineralized during 6 or 20 weeks 
of incubation at 20°C or 30°C, but, in general, not with No and the k values. The 
resvdts of some of the materials evaluated deviated from those relationships. 
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APPENDIX 
Table 39. Amount of N mineralized within successive incubation 
periods of 20 weeks in a soil with pH = 5 amended with 
biotechnology by-products and incubated at 20°C under 
aerobic condition 
Nitrogen miaeralized within successive 
N source Rep N form 0-2 2-4 4-6 6-8 8-10 
—TnC tcT~^ 
'lUg IN bUXX* 
Control 1 NH4-N 10.3 1.42 0.00 0.00 0.00 
NO3-N 5.68 4.66 3.85 4.36 0.91 
Total 16.0 6.08 3.85 4.36 0.91 
2 NH4-N 4.87 1.01 0.00 0.00 0.00 
NO3-N 5.48 5.48 3.04 3.55 0.71 
Total 10.4 6.49 3.04 3.55 0.71 
SMB 1 NH4-N 37.1 14.0 0.51 0.00 0.00 
NO3-N 21.7 68.3 55.0 28.1 14.7 
Total 58.8 82.3 55.5 28.1 14.7 
2 NH4-N 42.8 13.2 0.00 0.00 0.00 
NO3-N 24.3 66.7 53.1 26.3 12.5 
Total 67.1 79.9 53.1 26.3 12.5 
SS 1 NH4-N 63.7 10.1 0.10 0.00 0.00 
NO3-N 76.5 136 50.3 29.1 14.5 
Total 140 146 50.4 29.1 14.5 
2 NH4-N 67.3 8.92 0.00 0.00 0.00 
NO3-N 78.9 133 47.5 27.9 15.3 
Total 146 142 47.5 27.9 15.3 
HSOM 1 NH4-N 6.69 5.07 0.71 0.00 0.00 
NO3-N 3.24 4.87 5.88 7.00 3.75 
Total 9.93 9.94 6.59 7.00 3.75 
2 NH4-N 7.91 6.08 0.00 0.00 0.00 
NO3-N 3.65 4.26 4.46 6.19 4.36 
Total 11.6 10.3 4.46 6.19 4.36 
APF 1 NH4-N 508 257 87.1 23.0 7.71 
NO3-N 19.1 191 148 44.7 30.7 
Total 527 448 235 67.7 38.4 
2 NH4-N 424 254 82.8 16.1 4.87 
NO3-N 29.8 186 145 42.3 29.5 
Total 454 440 228 58.4 34.4 
HLF 1 NH4-N 437 174 46.3 10.8 2.43 
NO3-N 57.8 160 115 62.8 27.7 
Total 495 334 161 73.6 30.1 
2 NH4-N 390 168 44.1 9.23 1.62 
NO3-N 52.9 155 114 59.9 25.5 
Total 443 323 158 69.1 27.1 
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incubation periods (weeks) specified 
10-12 12-14 14-16 16-18 18-20 Total 
0.00 0.00 0.00 0.00 0.00 11.7 
2.43 5.27 7.05 6.25 5.18 45.6 
2.43 5.27 7.05 6.25 5.18 57.4 
0.00 0.00 0.00 0.00 0.00 5.8 
2.03 7.05 6.34 5.71 4.82 44.2 
2.03 7.05 6.34 5.71 4.82 50.1 
0.00 0.00 0.00 0.00 0.00 51.6 
8.52 16.5 12.0 10.9 5.35 241 
8.52 16.5 12-0 10.9 5.35 293 
0.00 0.00 0.00 0.00 0.00 56.0 
7.71 14.9 13.7 10.9 6.60 237 
7.71 14.9 13.7 10.9 6.60 293 
0.00 0.00 0.00 0.00 0.00 73.9 
10.5 16.3 16.0 12.5 7.32 369 
10.5 16.3 16.0 12.5 7.32 443 
0.00 0.00 0.00 0 0.00 76.2 
11.8 17.8 14.4 13.2 6.25 366 
11.8 17.8 14.4 13.2 6.25 442 
0.00 0.00 0.00 0.00 0.00 12.5 
3.04 7.41 8.48 7.50 6.07 57.2 
3.04 7.41 8.48 7.50 6.07 69.7 
0.00 0.00 0.00 0.00 0.00 14.0 
4.46 9.37 9.37 7.14 4.82 58.1 
4.46 9.37 9.37 7.14 4.82 72.1 
0.10 0.00 0.00 0.00 0.00 883 
27.2 8.30 15.3 11.6 5.35 501 
27.3 8.30 15.3 11.6 5.35 1384 
0.71 0.00 0.00 0.00 0.00 783 
20.7 7.23 14.0 13.6 6.78 495 
21.4 7.23 14.0 13.6 6.78 1277 
0.10 0.00 0.00 0.00 0.00 671 
21.5 15.1 13.1 10.7 6.96 491 
21.6 15.1 13.1 10.7 6.96 1161 
0.30 0.00 0.00 0.00 0.00 613 
18.3 13.8 11.9 9.50 7.85 469 
18.6 13.8 11.9 9.50 7.85 1082 
Table 40. Amoxint of N mineralized within successive incubation 
periods of 20 weeks in a soil with pH = 5 amended with 
animal mantires and incubated at 20°C under aerobic 
condition 
Nitjogen mineralized within successive 
N source Rep N form 0-2 2-4 4-6 6-8 8-10 
_m cr cni1_ IN bUil 
Control 1 NH4-N 10.3 1.42 0.00 0.00 0.00 
NO3-N 5.68 4.66 3.85 4.36 0.91 
Total 16.0 6.08 3.85 4.36 0.91 
2 NH4-N 4.87 1.01 0.00 0.00 0.00 
NO3-N 5.48 5.48 3.04 3.55 0.71 
Total 10.4 6.49 3.04 3.55 0.71 
DM 1 NH4-N 0.81 1.01 0.00 0.00 0.00 
NO3-N 18.3 46.2 44.0 25.5 18.8 
Total 19.1 47.2 44.0 25.5 18.8 
2 NH4-N 1.83 1.22 0.00 0.00 0.00 
NO3-N 19.3 44.8 43.0 22.2 17.7 
Total 21.1 46.0 43.0 22.2 17.7 
SM 1 NH4-N 8.52 0.81 0.51 0.00 0.00 
NO3-N 27.2 19.1 58.6 63.6 31.9 
Total 35.7 19.9 59.1 63.6 31.9 
2 NH4-N 9.53 0.41 0.00 0.00 0.00 
NO3-N 25.8 17.6 56.0 60.9 29.1 
Total 35.3 18.0 56.0 60.9 29.1 
CM 1 NH4-N 15.4 0.00 0.00 0.00 0.00 
NO3-N 255 39.1 33.5 25.9 18.4 
Total 270 39.1 33.5 25.9 18.4 
2 NH4-N 17.4 0.41 0.00 0.00 0.00 
NO3-N 216 37.9 30.8 25.0 16.1 
Total 233 38.3 30.8 25.0 16.1 
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incubation oeriods (weeks) specified 
10-12 
0.00 
2.43 
2.43 
0.00 
2.03 
2.03 
0.00 
17.8 
17.8 
0.00 
16.6 
16.6 
0.00 
18.7 
18.7 
0.00 
19.7 
19.7 
0.00 
14.2 
14.2 
12-14 
0.00 
5.27 
5.27 
0.00 
7.05 
7.05 
0.00 
27.0 
27.0 
0.00 
25.1 
25.1 
0.00 
31.5 
31.5 
0.00 
29.4 
29.4 
0.00 
18.1 
18.1 
14-16 
0.00 
6.34 
6.34 
0.00 
21.5 
21.5 
0.00 
22.6 
22.6 
0.00 
27.9 
27.9 
0.00 
28.6 
28.6 
0.00 
16.7 
16.7 
16-18 
0.00 
5.71 
5-71 
0.00 
20.5 
20.5 
0.00 
21.6 
21.6 
0.00 
26.4 
26.4 
0.00 
24.8 
24.8 
0.00 
15.0 
15.0 
18-20 
0.00 
5.18 
5.18 
0.00 
4.82 
4.82 
0.00 
16.8 
16.8 
0.00 
18.7 
18.7 
0.00 
13.7 
13.7 
0.00 
12.9 
12.9 
0.00 
9.99 
9.99 
Total 
11.7 
45.6 
57.4 
5.88 
44.2 
50.1 
1.82 
256 
258 
3.05 
252 
255 
9.84 
319 
328 
9.94 
305 
315 
15.4 
446 
461 
-mg N kg' soil— 
0.00 0.00 
7.05 6-25 
7.05 6-25 
0-00 0.00 0.00 
15-8 16.2 17.6 
15.8 16.2 17.6 
0.00 0.00 17.8 
17.0 9.10 401 
17.0 9.10 419 
Table 41. Amoimt of N mineralized within successive incubation 
periods of 20 weeks in a soil with pH = 6 amended with 
biotechnology by-products and incubated at 20°C under 
aerobic condition 
Nitrogen miaeralized within successive 
N source Rep N form 0-2 2-4 4-6 6-8 8-10 
m cT lUg 
Control 1 NH4-N 0.61 0.00 0.00 0.00 0.00 
NO3-N 7.71 3.24 3.45 6.19 0.71 
Total 8.32 3.24 3.45 6.19 C 71 
2 NH4-N 0.20 0.00 0.00 0.00 0.00 
NO3-N 6.49 3.45 2.64 5.17 1.12 
Total 6.69 3.45 2.64 5.17 1.12 
SMB 1 NH4-N 48.9 0.61 0.00 0.00 0.00 
NO3-N 26.6 92.1 35.9 25.5 14.9 
Total 75.5 92.7 35.9 25.5 14.9 
2 NH4-N 45.8 0.20 0.00 0.00 0.00 
NO3-N 29.6 86.6 32.9 22.2 14.5 
Total 75.4 86.8 32.9 22.2 14.5 
SS 1 NH4-N 70.2 3.85 0.00 0.00 0.00 
NO3-N 79.5 148 71.8 44.3 16.5 
Total 150 152 71.8 44.3 16.5 
2 NH4-N 65.5 1.83 0.00 0.00 0.00 
NO3-N 82.5 143 69.4 41.5 15.3 
Total 148 145 69.4 41.5 15.3 
HSOM 1 NH4-N 8.72 0.41 1.62 0.00 0.00 
NO3-N 4.26 13.4 7.91 9.43 1.12 
Total 13.0 13.8 9.53 9.43 1.12 
2 NH4-N 7.50 0.00 0.81 0.00 0.00 
NO3-N 5.88 11.8 6.69 8.62 1.12 
Total 13.4 11.8 7.50 8.62 1.12 
APF 1 NH4-N 427 176 48.5 17.0 7.10 
NO3-N 17.4 181 77.5 42.3 29.3 
Total 444 357 126 59.3 36.4 
2 NH4-N 403 172 44.2 14.8 8.11 
NO3-N 30.6 178 74.4 39.0 30.9 
Total 434 350 119 53.8 39.0 
HLF 1 NH4-N 349 185 65.3 21.1 7.30 
NO3-N 52.9 181 65.7 29.5 28.5 
Total 402 366 131 50.6 35.8 
2 NH4-N 327 182 67.7 19.3 6.08 
NO3-N 57.0 179 61.0 26.7 26.7 
Total 384 361 129 46.0 32.8 
241 
incubation periods (weeks) specified 
10-12 12-14 14-16 16-18 18-20 Total 
mg N soil 
0.00 0.00 0.00 0.00 0.00 0.61 
1.93 5.71 6.16 7.05 5.35 47.5 
1.93 5.71 6.16 7.05 5.35 48.1 
0.00 0.00 0.00 0.00 0.00 0.20 
1.32 6.25 6.69 5.62 5.89 44.6 
1.32 6.25 6.69 5.62 5.89 44.8 
0.00 0.00 0.00 0.00 0.00 49.5 
11.7 15.2 13.7 10.6 6.60 253 
11.7 15.2 13.7 10.6 6.60 302 
0.00 0.00 0.00 0.00 0.00 46.0 
12.1 14.2 12.9 9.19 6.07 240 
12.1 14.2 12.9 9.19 6.07 286 
0.00 0.00 0.00 0.00 0.00 74.1 
9.23 17.1 19.0 13.7 7.50 427 
9.23 17.1 19.0 13.7 7.50 501 
0.00 0.00 0.00 0.00 0.00 67.3 
10.6 16.4 15.8 12.2 6.78 413 
10.6 16.4 15.8 12.2 6.78 481 
0.10 0.00 0.00 0.00 0.00 10.9 
0.10 10.5 8.66 10.4 7.67 73.5 
0.20 10.5 8.66 10.4 7.67 84.3 
0.00 0.00 0.00 0.00 0.00 8.31 
0.51 7.85 9.55 7.94 8.21 68.2 
0.51 7.85 9.55 7.94 8.21 76.5 
0.10 0.00 0.00 0.00 0.00 676 
22.2 15.5 13.5 11.2 6.60 417 
22.3 15.5 13.5 11.2 6.60 1092 
0.30 0.00 0.00 0.00 0.00 642 
23.6 13.4 14.0 13.1 6.25 423 
23.9 13.4 14.0 13.1 6.25 1066 
0.51 0.00 0.00 0.00 0.00 628 
17.7 14.8 13.3 11.7 9.64 425 
18.2 14.8 13.3 11.7 9.64 1053 
0.10 0.00 0.00 0.00 0.00 602 
20.6 12.3 14.5 12.8 10.5 421 
20.7 12.3 14.5 12.8 10.5 1023 
Table 42. Amount of N mineralized within successive incubation 
periods of 20 weeks in a soil with pH = 6 amended with 
animal mantures and incubated at 20°C xinder aerobic 
condition 
Nitrogen mineralized within successive 
N source Rep N form 0-2 2-4 4-6 6-8 8-10 
tug IN lig 
Control 1 NH4-N 0.61 0.00 0.00 0.00 0.00 
NO3-N 7.71 3.24 3.45 6.19 0.71 
Total 8.32 3.24 3.45 6.19 0.71 
2 NH4-N 0.20 0.00 0.00 0.00 0.00 
NO3-N 6.49 3.45 2.64 5.17 1.12 
Total 6.69 3.45 2.64 5.17 1.12 
DM 1 NH4-N 1.42 0.00 0.00 0.00 0.00 
NO3-N 24.1 51.1 27.2 32.1 23.4 
Total 25.5 51.1 27.2 32.1 23.4 
2 NH4-N 1.22 0.00 0.00 0.00 0.00 
NO3-N 25.1 33.1 24.7 29.7 25.0 
Total 26.3 33.1 24.7 29.7 25.0 
SM 1 NH4-N 7.50 0.00 0.00 0.00 0.00 
NO3-N 25.1 29.0 74.0 52.2 32.8 
Total 32.6 29.0 74.0 52.2 32.8 
2 NH4-N 6.69 0.41 0.00 0.00 0.00 
NO3-N 24.3 32.0 53.3 47.6 34.2 
Total 31.0 32.5 53.3 47.6 34.2 
CM 1 NH4-N 18.9 1.22 0.00 0.00 0.00 
NO3-N 233 45.8 31.0 26.1 15.5 
Total 252 47.0 31.0 26.1 15.5 
2 NH4-N 21.1 0.61 0.00 0.00 0.00 
NO3-N 246 43.0 33.9 23.2 16.5 
Total 267 43.6 33.9 23.2 16.5 
243 
incubation periods (weeks) specified. 
12-14 14-16 16-18 18-20 Total 
-mg N kg'^  soil-
0.00 0.00 
6.16 7.05 
6.16 7.05 
10-12 
0.00 
1.93 
1.93 
0.00 
1.32 
1.32 
0.00 
20.2 
20.2 
0.00 
21.4 
21.4 
0.00 
27.9 
27.9 
0.00 
29.5 
29.5 
0.00 
11.1 
11.1 
0.00 
10.0 
10.0 
0.00 
5.71 
5.71 
0.00 
6.25 
6.25 
0.00 
28.6 
28.6 
0.00 
26.1 
26.1 
0.00 
33.7 
33.7 
0.00 
30.7 
30.7 
0.00 
18.0 
18.0 
0.00 
16.1 
16.1 
0.00 
6.69 
6.69 
0.00 
27.0 
27.0 
0.00 
24.7 
24.7 
0.00 
31.5 
31.5 
0.00 
30.1 
30.1 
0.00 
16.5 
16.5 
0.00 
15.6 
15.6 
0.00 
5.62 
5.62 
0.00 
23.1 
23.1 
0.00 
21.7 
21.7 
0.00 
26.9 
26.9 
0.00 
24.7 
24.7 
0.00 
14.9 
14.9 
0.00 
16.9 
16.9 
0.00 
5.35 
5.35 
0.00 
5.89 
5.89 
0.00 
19.5 
19.5 
0.00 
20.9 
20.9 
0.00 
16.1 
16.1 
0.00 
13.9 
13.9 
0.00 
14.3 
14.3 
0.00 
15.0 
15.0 
0.61 
47.5 
48.1 
0.20 
44.6 
44.8 
1.42 
276 
278 
1.22 
252 
254 
7.50 
349 
357 
7.10 
320 
327 
20.1 
426 
446 
21.7 
436 
458 
Table 43. Amount of N mineralized within successive incubation 
periods of 20 weeks in a soil with pH = 7 amended with 
biotechnology by-products and incubated at 20°C under 
aerobic condition 
Nitrogen mineralized within successive 
N source Rep N form 0-2 2-4 4-6 6-8 8-10 
Control 1 NH4-N 1.42 0.00 0.00 0.00 0.00 
NO3-N 11.6 2.43 4.16 6.49 1.01 
Total 13.0 2.43 4.16 6.49 1.01 
2 NH4-N 1.22 0.00 0.00 0.00 0.00 
NO3-N 12.8 1.42 2.74 7.30 1.42 
Total 14.0 1.42 2.74 7.30 1.42 
SMB 1 NH4-N 26.4 0.00 0.00 0.00 0.00 
NO3-N 113 70.6 26.1 19.9 12.2 
Total 139 70.6 26.1 19.9 12.2 
2 NH4-N 29.6 0.00 0.00 0.00 0.00 
NO3-N 94.9 67.9 22.8 16.8 10.3 
Total 125 67.9 22.8 16.8 10.3 
SS 1 NH4-N 60.6 0.00 0.00 0.00 0.00 
NO3-N 168 82.7 37.8 24.5 11.8 
Total 229 82.7 37.8 24.5 11.8 
2 NH4-N 68.7 0.00 0.00 0.00 0.00 
NO3-N 179 80.9 35.2 22.9 13.2 
Total 248 80.9 35.2 22.9 13.2 
HSOM 1 NH4-N 7.50 0.00 0.00 0.00 0.00 
NO3-N 38.5 10.5 11.3 12.8 5.88 
Total 46.0 10.5 11.3 12.8 5.88 
2 NH4-N 6.69 0.20 0.00 0.00 0.00 
NO3-N 39.6 9.73 10.9 10.5 5.68 
Total 46.2 9.93 10.9 10.5 5.68 
APF 1 NH4-N 305 7.50 5.48 0.00 0.00 
NO3-N 215 390 90.3 24.5 13.2 
Total 520 398 95.8 24.5 13.2 
2 NH4-N 324 5.68 4.66 0.00 0.00 
NO3-N 193 386 87.9 20.9 12.0 
Total 517 392 92.6 20.9 12.0 
HLF 1 NH4-N 344 44.0 0.41 0.00 0.00 
NO3-N 71.4 393 120 38.5 18.9 
Total 415 437 120 38.5 18.9 
2 NH4-N 361 34.9 0.00 0.00 0.00 
NO3-N 77.9 372 115 34.9 17.2 
Total 439 407 115 34.9 17.2 
245 
incubation, periods (weeks) specified 
10-12 12-14 14-16 16-18 18-20 Total 
0.00 0.00 0.00 0.00 0.00 1.42 
0.81 6.07 5.00 5.62 5.53 48.7 
0.81 6.07 5.00 5.62 5.53 50.1 
0.00 0.00 0.00 0.00 0.00 1.22 
1.42 5.53 5.89 6.34 5.71 50.6 
1.42 5.53 5.89 6.34 5.71 51.8 
0.00 0.00 0.00 0.00 0.00 26.4 
9.94 16.2 14.3 13.8 8.92 305 
9.94 16.2 14.3 13.8 8.92 331 
0.00 0.00 0.00 0.00 0.00 29.6 
10.1 16.1 15.2 15.3 7.85 277 
10.1 16.1 15.2 15.3 7.85 307 
0.00 0.00 0.00 0.00 0.00 60.6 
10.1 17.8 15.0 13.1 8.21 389 
10.1 17.8 15.0 13.1 8.21 450 
0.00 0.00 0.00 0.00 0.00 68.7 
8.72 15.7 16.4 12.2 7.85 392 
8.72 15.7 16.4 12.2 7.85 461 
0.00 0.00 0.00 0.00 0.00 7.50 
4.66 12.1 10.7 9.2 9.99 126 
4.66 12.1 10.7 9.2 9.99 133 
0.00 0.00 0.00 0.00 0.00 6.89 
5.27 11.1 9.99 9.73 8.57 121 
5.27 11.1 9.99 9.73 8.57 128 
0.00 0.00 0.00 0.00 0.00 318 
12.4 11.4 11.8 12.6 10.7 792 
12.4 11.4 11.8 12.6 10.7 1110 
0.00 0.00 0.00 0.00 0.00 334 
13.6 14.3 12.9 11.2 13.2 765 
13.6 14.3 12.9 11.2 13.2 1099 
0.00 0.00 0.00 0.00 0.00 388 
9.94 16.6 15.5 10.8 12.1 707 
9.94 16.6 15.5 10.8 12.1 1095 
0.00 0.00 0.00 0.00 0.00 396 
11.4 15.0 14.6 13.5 10.9 682 
11.4 15.0 14.6 13.5 10.9 1078 
Table 44. Amoxmt of N mineralized within successive incubation 
periods of 20 weeks in a soil with pH = 7 amended with 
animal manures and incubated at 20°C under aerobic 
condition 
Nitrogen mineralised within successive 
N source Rep N form 0-2 2-4 4-6 6-8 8-10 
-mg N kg' soil-
0.00 
4.16 
4.16 
Control 
DM 
SM 
CM 
NH4-N 
NO3-N 
Total 
NH4-N 
NO3-N 
Total 
NH4-N 
NO3-N 
Total 
NH4-N 
NO3-N 
Total 
^4-1^ 
NO3-N 
Total 
NH4-N 
NO3-N 
Total 
NH4.N 
NO3-N 
Total 
NH4-N 
NO3-N 
Total 
1.42 
11-6 
13.0 
1.22 
12.8 
14.0 
2.03 
20.5 
22.5 
2.23 
21.9 
24.1 
6.08 
21.1 
27.2 
5.07 
20.1 
25.2 
12.0 
191 
203 
10.3 
176 
186 
0.00 
2.43 
2.43 
0.00 
1.42 
1.42 
0.00 
28.8 
28.8 
0.00 
27.8 
27.8 
0.00 
75.0 
75.0 
0.00 
73.2 
73.2 
0.00 
55.2 
55.2 
0.00 
51.9 
51.9 
0-00 
2.74 
2.74 
0.00 
62.6 
62.6 
0.00 
63.4 
63.4 
0.00 
81.0 
81.0 
0.00 
78.8 
78.8 
1.01 
41.9 
42.9 
0.20 
40.1 
40.3 
0-00 
6.49 
6.49 
0.00 
7.30 
7.30 
0.00 
19.1 
19.1 
0.00 
18.0 
18.0 
0.00 
60.6 
60.6 
0.00 
55.2 
55.2 
0.00 
29.0 
29.0 
0.00 
26.8 
26.8 
0.00 
1.01 
1.01 
0.00 
1.42 
1.42 
0.00 
25.1 
25.1 
0.00 
22.9 
22.9 
0.00 
33.5 
33.5 
0.00 
31.6 
31.6 
0.00 
15.0 
15.0 
0.00 
16.4 
16.4 
247 
incubatioa periods (weeks) specified 
10-12 
0.00 
0.81 
0.81 
0.00 
1.42 
1.42 
0.00 
21.7 
21.7 
0.00 
18.9 
18.9 
0.00 
23.5 
23.5 
0.00 
22.7 
22.7 
0.00 
12.6 
12.6 
0.00 
11.6 
11.6 
12-14 
0.00 
6-07 
6.07 
0.00 
5.53 
5-53 
0.00 
24.8 
24.8 
0.00 
23.6 
23-6 
0-00 
25-5 
25-5 
0-00 
24-5 
24.5 
0.00 
17-7 
17-7 
0-00 
16-6 
16-6 
14-16 
0.00 
5.89 
5.89 
0.00 
21.1 
21.1 
0.00 
22.7 
22.7 
0.00 
23-7 
23.7 
0.00 
22.5 
22-5 
0-00 
14-5 
14-5 
0-00 
16-1 
16.1 
16-18 
0.00 
6-34 
6-34 
0-00 
18.1 
18.1 
0.00 
20.4 
20.4 
0.00 
21.1 
21-1 
0-00 
19-7 
19-7 
0.00 
11.5 
11-5 
0-00 
14-2 
14-2 
18-20 
0-00 
5.53 
5-53 
0-00 
5.71 
5-71 
0.00 
18.9 
18-9 
0.00 
20.9 
20.9 
0.00 
16.1 
16.1 
0.00 
17.7 
17.7 
0.00 
8-57 
8-57 
0.00 
9.82 
9.82 
Total 
1.42 
48.7 
50-1 
1-22 
50.6 
51-8 
2-03 
261 
263 
2.23 
260 
263 
6.08 
381 
387 
5.07 
366 
371 
13.0 
397 
410 
10.5 
380 
390 
-mg N kg"*^ soil 
0.00 0.00 
5.00 5.62 
5.00 5.62 
Table 45. Amount of N mineralized within successive incubation 
periods of 20 weeks in a soil with pH = 5 amended with 
biotechnology by-products and incubated at 30°C under 
aerobic condition 
Nitrogen mineralized within successive 
Nsource Rep N" form 0-2 2-4 4-6 6-8 8-10 
Control 1 NH4-N 4.66 2.43 0.41 0.00 0.00 
NO3-N 17.6 10.1 4.87 5.07 5.07 
Total 22.3 12.5 5.28 5.07 5.07 
2 NH4-N 0.41 1.83 0.20 0.00 0.00 
NO3-N 16.6 9.53 4.46 4.26 4.66 
Total 17.0 11.4 4.66 4.26 4.66 
SMB 1 NH4-N 56.6 9.13 0.00 0.00 0.00 
NO3-N 33.9 72.0 37.3 18.5 8.72 
Total 90.5 81.1 37.3 18.5 8.72 
2 NH4-N 45.8 8.31 0.00 0.00 0.00 
NO3-N 39.7 69.2 37.1 17.3 7.10 
Total 85.5 77.5 37.1 17.3 7.10 
SS 1 NH4-N 79.1 20.7 1.83 0.00 0.41 
NO3-N 87.6 104 61.9 32.0 16.8 
Total 167 125 63.7 32.0 17.2 
2 NH4-N 65.5 18.0 1.22 0.00 0.20 
NO3-N 80.7 101 59.8 29.0 16.4 
Total 146 119 61.0 29.0 16.6 
HSOM 1 NH4-N 12.6 9.53 5.48 3.95 0.00 
NO3-N 3.45 4.46 7.10 9.73 7.71 
Total 16.1 14.0 12.6 13.7 7.71 
2 NH4-N 9.53 8.72 4.66 2.33 0.00 
NO3-N 2.84 5.07 6.49 8.52 5.88 
Total 12.4 13.8 11.2 10.9 5.88 
APF 1 NH4^N 332 120 37.1 5.78 0.81 
NO3-N 40.0 102 92.7 67.1 37.5 
Total 372 222 130 72.9 38.31 
2 NH4-N 388 117 35.5 4.2 0.41 
NO3-N 45.6 99.2 91.1 65.5 34.7 
Total 434 216 127 69.7 35.1 
HLF 1 NH4-N 365 191 96.3 45.3 18.7 
NO3-N 27.6 84.8 87.0 79.5 74.6 
Total 393 276 183 125 93.3 
2 NH4-N 434 188 95.1 43.1 17.0 
NO3-N 35.5 83.1 88.2 81.9 69.6 
Total 470 271 183 125 86.6 
249 
incubatioii periods (weeks) specified 
10-12 12-14 14-16 16-18 18-20 Total 
mg N kg" soil 
0.00 0.00 0.00 0.00 0.00 7.50 
6.19 8.31 5.18 7.23 5.98 75.6 
6.19 8.31 5.18 7.23 5.98 83.1 
0.00 0.00 0.00 0.00 0.00 2.44 
7.20 9.33 6.07 7.94 6.51 76.6 
7.20 9.33 6.07 7.94 6.51 79.0 
0.00 0.00 0.00 0.00 0.00 65.7 
7.40 9.73 9.10 8.30 7.59 213 
7.40 9.73 9.10 8.30 7.59 278 
0.00 0.00 0.00 0.00 0.00 54.1 
6.79 10.1 10.5 9.01 6.69 213 
6.79 10.1 10.5 9.01 6.69 268 
0.10 0.00 0.00 0.00 0.00 102 
11.5 9.94 6.78 10.1 8.83 349 
11.6 9.94 6.78 10.1 8.83 452 
0.00 0.00 0.00 0.00 0.00 84.9 
12.3 10.1 6.96 9.37 7.94 334 
12.3 10.1 6.96 9.37 7.94 418 
0.00 0.00 0.00 0.00 0.00 31.6 
6.59 6.90 6.60 5.98 6.34 64.9 
6.59 6.90 6.60 5.98 6.34 96.4 
0.00 0.00 0.00 0.00 0.00 25.2 
7.61 6.49 7.67 6.87 6.16 63.6 
7.61 6.49 7.67 6.87 6.16 88.8 
0.10 0.00 0.00 0.00 0.00 496 
10.8 7.50 5.35 6.16 7.41 377 
10.9 7.50 5.35 6.16 7.41 872 
0.00 0.00 0.00 0.00 0.00 545 
12.3 8.31 5.89 5.62 5.80 374 
12.3 8.31 5.89 5.62 5.80 919 
0.30 0.00 0.00 0.00 0.00 717 
47.2 25.1 11.4 8.48 7.76 453 
47.5 25.1 11.4 8.48 7.76 1170 
0.10 0.00 0.00 0.00 0.00 777 
43.3 22.7 13.0 10.4 9.01 457 
43.4 22.7 13.0 10.4 9.01 1234 
Table 46. Amount of N mineralized within successive incubation 
periods of 20 weeks in a soil with pH = 5 amended with 
animal maniires and incubated at 30°C under aerobic 
condition 
Nitrogen. muieraHzed within successive 
N source Rep N form 0-2 2-4 4-6 6-8 8-10 
Control 1 
DM 1 
^4-1^ 
NO3-N 
Totsd 
NH4-N 
NO3-N 
Total 
NH4-N 
NO3-N 
Total 
4.66 
17.6 
22.3 
0.41 
16.6 
17.0 
2.03 
25.1 
27.1 
2.43 
10.1 
12.5 
1.83 
9.53 
11.4 
0.61 
44.8 
45.4 
-mg N kg' soil 
0.41 
4.87 
5.28 
0.20 
4.46 
4.66 
0.41 
55.2 
55.6 
0.00 
5.07 
5.07 
0.00 
4.26 
4.26 
0.00 
42.6 
42.6 
0.00 
5.07 
5.07 
0-00 
4.66 
4.66 
0.00 
29.0 
29.0 
2 NH4-N 2.64 1.22 0.00 0.00 0.00 
NO3-N 31.4 45.2 52.9 41.0 24.7 
Total 34.0 46.4 52.9 41.0 24.7 
SM 1 NH4-N 15.6 4.46 0.61 0.00 0.00 
NO3-N 30.2 63.5 57.8 45.8 39.5 
Total 45.8 68.0 58.4 45.8 39.5 
2 NH4-N 13.6 5.48 0.20 0.00 0.00 
NO3-N 28.8 61.9 55.8 43.6 35.9 
Total 42.4 67.4 56.0 43.6 35.9 
CM 1 NH4-N 18.9 1.22 0.00 0.00 0.00 
NO3-N 213 113 38.5 22.3 12.8 
Total 232 114 38.5 22.3 12.8 
2 NH4-N 7.10 1.01 0.00 0.00 0.00 
NO3-N 157 110 37.5 19.1 11.0 
Total 164 111 37.5 19.1 11.0 
251 
incubatioD. periods (weeks) specified 
12-14 14-16 16-18 
—mg N kg" soil 
0.00 0.00 0.00 7.50 
5.18 7.23 5.98 75.6 
5.18 7.23 5.98 83.1 
10-12 
0.00 
6.19 
6.19 
0.00 
7.20 
7.20 
0.00 
30-7 
30.7 
0.00 
23.0 
23.0 
0.00 
37.6 
37.6 
0.00 
38.4 
38.4 
0.00 
16.3 
16.3 
0.10 
14.9 
15.0 
0.00 
8.31 
8.31 
0.00 
9.33 
9.33 
0.00 
34.7 
34.7 
0.00 
33.1 
33.1 
0.00 
47.5 
47.5 • 
0.00 
43.8 
43.8 
0.00 
17.0 
17.0 
0.00 
17.8 
17.8 
0.00 
6.07 
6.07 
0.00 
25.3 
25.3 
0.00 
23.4 
23.4 
0.00 
32.3 
32.3 
0.00 
28.7 
28.7 
0.00 
14.5 
14.5 
0.00 
15.7 
15.7 
0.00 
7.94 
7.94 
0.00 
24.5 
24.5 
0.00 
23.6 
23.6 
0.00 
21.9 
21.9 
0.00 
24.2 
24.2 
0.00 
14.0 
14.0 
0.00 
12.6 
12.6 
18-20 
0.00 
6.51 
6.51 
0.00 
20.1 
20.1 
0.00 
22.2 
22.2 
0.00 
15.4 
15.4 
0.00 
17.8 
17.8 
0.00 
11.3 
11.3 
0.00 
12.9 
12.9 
Total 
2.44 
76-6 
79.0 
3-05 
332 
335 
3.86 
321 
324 
20-7 
392 
412 
19.3 
379 
398 
20.1 
473 
493 
8-21 
409 
417 
Table 47. Amount of N mineralized within successive incubation 
periods of 20 weeks in a soil with pH = 6 amended with 
biotechnology by-products and incubated at 30°C under 
aerobic condition 
Nitrogen mineralized withfn successive 
N source Rep N form. 0-2 2-4 4-6 6-8 8-10 
m or NT \ccr'^ 
Control I NH4-N 0.00 0.20 0.00 0.00 0.00 
NO3-N 14.4 8.92 6.08 7.30 5.27 
Total 14.4 9.12 6.08 7.30 5.27 
2 NH4-N 0.00 0.81 0.00 0.00 0.00 
NO3-N 13.6 8.31 5.07 6.29 4.87 
Total 13.6 9.12 5.07 6.29 4.87 
SMB 1 NH4-N 20.9 0.20 0.00 0.00 0.00 
NO3-N 128 98.6 43.6 25.4 14.4 
Total 149 98.8 43.6 25.4 14.4 
2 NH4-N 19.7 0.41 0.41 0.00 0.00 
NO3-N 134 100 45.0 23.9 12.0 
Total 154 100 45.4 23.9 12.0 
SS 1 NH4-N 42.4 1.62 0.00 0.00 0.30 
NO3-N 139 133 62.5 38.5 23.1 
Total 181 135 62.5 38.5 23.4 
2 NH4-N' 36.5 0.81 0.41 0.00 0.10 
NO3-N 134 131 59.8 35.7 21.7 
Total 171 132 60.2 35.7 21.8 
HSOM 1 NH4-N 6.69 3.65 1.01 0.00 0.00 
NO3-N 15.2 18.3 16.0 11.4 8.11 
Total 21.9 22.0 17.0 11.4 8.11 
2 NH4-N 7.30 4.46 0.61 0-00 0.00 
NOa-N 11.8 16.00 15.4 9.94 6.08 
Total 19.1 20.5 16.0 9.94 6.08 
APF I NH4-N 341 82.3 15.6 7.20 3.55 
NO3-N 162 198 103 53.5 21.3 
Total 503 280 119 60.7 24.85 
2 NH4-N 324 81.1 16.8 5.98 2.33 
NO3-N 122 190 98.0 50.3 19.5 
Total 446 271 115 56.3 21.83 
HLF 1 NH4-N 279 165 56.4 37.8 28.3 
NO3-N 68.7 163 65.5 41.4 31.4 
Total 348 328 122 79.2 59.7 
2 NH4-N 328 167 57.6 35.6 23.8 
NO3-N 117 156 64.5 38.9 27.8 
Total 445 323 122 74.5 51.6 
253 
incubation periods (weeks) specified 
10-12 12-14 14-16 16-18 18-20 Total 
0-00 0.00 0.00 0.00 0.00 0.20 
7.00 9.43 7.85 6.69 6.34 79.3 
7.00 9.43 7.85 6.69 6.34 79.5 
0.00 0.00 0.00 0.00 0.00 0-81 
5.37 8.21 6.78 6.87 5.62 71.0 
5.37 8.21 6.78 6.87 5.62 71.8 
0.00 0.00 0.00 0.00 0.00 21-1 
14.3 15-3 12.5 8.48 7.59 368 
14.3 15.3 12.5 8.48 7.59 389 
0.00 0.00 0.00 0.00 0.00 20.5 
14.9 14.3 14.1 10.8 7.59 377 
14.9 14.3 14.1 10.8 7.59 397 
0.00 0.00 0.00 0.00 0.00 44.3 
19.0 15.9 12.3 10.6 9.19 463 
19.0 15.9 12.3 10.6 9.19 507 
0.00 0.00 0.00 0.00 0.00 37.8 
19.8 16.5 11.1 7.41 8.12 445 
19.8 16.5 11.1 7.41 8.12 483 
- 0.00 0.00 0.00 0.00 0.00 11.4 
7.81 9.02 8.21 7.59 8.48 110 
7.81 9.02 8.21 7.59 8.48 121 
0.00 0.00 0.00 0.00 0.00 12.4 
5.37 9.63 9.82 9-73 7.94 102 
5.37 9.63 9.82 9-73 7.94 114 
1.22 0.00 0.00 0-00 0.00 451 
16.7 17.7 11.4 9-19 7.41 600 
17.9 17.7 11.4 9.19 7.41 1051 
0.81 0.00 0.00 0.00 0.00 431 
15.1 19.2 10.2 7.76 6.87 539 
15.9 19.2 10.2 7.76 6.87 970 
2.64 0.00 0.00 0-00 0.00 569 
23.2 30.9 24.5 14.5 11.7 475 
25.8 30.9 24.5 14.5 11.7 1044 
3.45 0.00 0.00 0.00 0.00 615 
23.0 28.7 22.3 16.0 13.7 508 
26.5 28.7 22.3 16.0 13.7 1123 
Table 48. Amount of N mineralized within successive incubation 
periods of 20 weeks in a soil with pH = 6 amended with 
animal manures and incubated at 30°C under aerobic 
condition 
Nitrogea minpraliy-ed vgithin successive 
N source Rep N form 0-2 2-4 4-6 6-8 8-10 
-mf  N kg  so i l  
0.00 
6.08 
6.08 
Control 
DM 
SM 
CM 
NH^-N 
NO3-N 
Total 
NH4-N-
NO3-N 
Total 
NH4-N 
NO3-N 
Total 
NH4-N 
NO3-N 
Total 
NH4-N' 
NO3-N 
Total 
NH4-N 
NOa-N 
Total 
NH4-N 
NO3-N 
Total 
NH4-N 
N03-N' 
Total 
0.00 
14.4 
14.4 
0.00 
13.6 
13.6 
0.00 
25.1 
25.1 
0.00 
30.2 
30.2 
1.83 
35.1 
36.9 
1.01 
44.6 
45.6 
1.22 
169 
170 
1.42 
200 
201 
0.20 
8.92 
9.12 
0.81 
8.31 
9.12 
0.00 
37.3 
37.3 
0.00 
39.1 
39.1 
0.41 
60.4 
60.8 
0.81 
58.2 
59.0 
0.00 
103 
103 
0.41 
104 
104 
0.00 
5.07 
5.07 
0.00 
33.5 
33.5 
0.00 
35.3 
35.3 
0.00 
63.3 
63.3 
0.00 
58.8 
58.8 
0.00 
50.5 
50.5 
0.20 
53.1 
53.3 
0.00 
7.30 
7.30 
0.00 
6.29 
6.29 
0.00 
40.2 
40.2 
0.00 
38.1 
38.1 
0.00 
52.1 
52.1 
0.00 
49.5 
49.5 
0.00 
23.5 
23.5 
0.00 
22.7 
22.7 
0.00 
5.27 
5.27 
0.00 
4.87 
4.87 
0.10 
23.5 
23.6 
0.00 
23.3 
23.3 
0.00 
41.0 
41.0 
0.00 
34.9 
34.9 
0.00 
16.4 
16.4 
0.00 
15.0 
15.0 
255 
incubation periods (weeks) specified 
10-12 12-14 14-16 16-18 18-20 Total 
-mg N kg" soil" 
0.00 0.00 
7.85 6.69 
7.85 6.69 
0.00 
7.00 
7.00 
0.00 
5.37 
5.37 
0.00 
27.1 
27.1 
0.00 
28.9 
28.9 
0.00 
35.4 
35.4 
0.00 
32.5 
32.5 
0.00 
15.3 
15.3 
0.00 
14.3 
14.3 
0.00 
9.43 
9.43 
0.00 
8.21 
8.21 
0.00 
29.5 
29.5 
0.00 
28.3 
28.3 
0.00 
30.9 
30.9 
0.00 
29.7 
29.7 
0.00 
20-8 
20.8 
0.00 
22.0 
22.0 
0.00 
6.78 
6.78 
0.00 
28.4 
28-4 
0.00 
26.4 
26.4 
0.00 
26.4 
26.4 
0.00 
28-6 
28.6 
0-00 
19-8 
19-8 
0.00 
17-3 
17-3 
0.00 
6.87 
6.87 
0.00 
27.4 
27.4 
0.00 
22.6 
22.6 
0.00 
21.0 
21.0 
0.00 
23.1 
23.1 
0.00 
15.8 
15.8 
0.00 
18.1 
18.1 
0.00 
6.34 
6.34 
0.00 
5.62 
5.62 
0.00 
20.8 
20.8 
0.00 
22.4 
22.4 
0.00 
18.5 
18.5 
0.00 
17.4 
17.4 
0.00 
14.6 
14.6 
0.00 
16.5 
16.5 
0.20 
79.3 
79.5 
0.81 
71.0 
71.8 
0.10 
293 
293 
0.00 
295 
295 
2.24 
384 
386 
1.82 
377 
379 
1.22 
449 
450 
2.03 
483 
485 
Table 49. Amovint of N mineralized within successive incubation 
periods of 20 weeks in a soil with pH = 7 amended with 
biotechnology by-products and incubated at 30°C under 
aerobic condition 
Nitrogen mineralized within successive 
N source Rep N form 0-2 2-4 4-6 6-8 8-10 
Control 1 NH4-N 2.03 0.00 0.00 0.00 0.00 
NO3-N 11.4 8.52 7.50 9.94 5.68 
Total 13.4 8.52 7.50 9.94 5.68 
2 NH4-N 2.84 0.00 0.00 0.00 0.00 
NO3-N 14.0 9.33 8.52 8.31 5.27 
Total 16.8 9.33 8.52 8.31 5.27 
SMB 1 NH4-N 3.24 0.00 0.00 0.00 0.00 
NO3-N 232 54.6 25.8 21.1 10.7 
Total 235 54.6 25.8 21.1 10.7 
2 NH4-N 7.50 0.00 0.00 0.00 0.00 
NO3-N 213 54.4 21.1 18.5 9.13 
Total 221 54.4 21.1 18.5 9.13 
SS 1 lSrH4-N 22.5 0.00 0.00 0.00 0.20 
N03-N 200 111 62.3 29.8 16.2 
Total 223 111 62.3 29.8 16.4 
2 NH4-N 26.2 0.00 0.00 0.00 0.00 
isr03-N 181 104 60.6 28.0 13.4 
Total 207 104 60.6 28.0 13.4 
HSOM 1 NH4-N 2.43 0.00 0.00 0.00 0.00 
NO3-N 40.8 17.0 14.2 13.0 6.49 
Total 43.2 17.0 14.2 13.0 6.49 
2 NH4-N 3.24 0.00 0.00 0.00 0.00 
NO3-N 34.5 19.1 17.0 11.8 5.88 
Total 37.7 19.1 17.0 11.8 5.88 
APF 1 NH4-N 278 7.10 0.00 0.61 0.00 
N'03-N 304 285 83.8 28.0 15.8 
Total 582 292 83.8 28.6 15.8 
2 NH4-N 310 5.68 0.00 0.00 0.20 
NO3-N 285 276 74.6 27.0 14.2 
Total 595 282 74.6 27.0 14.4 
HLF 1 NH4-N 338 64.0 4.46 0.00 0.81 
NO3-N 110 245 200 95.7 52.7 
Total 448 309 204 95.7 53.5 
2 NH4-N 342 61.0 5.68 0.00 0.61 
NO3-N 102 241 190 91.7 49.7 
Total 444 302 196 91.7 50.3 
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incubation, periods (weeks) specified 
10-12 12-14 14-16 16-18 18-20 Total 
0.00 0.00 0.00 0.00 0.00 2.03 
6.69 9-63 9.28 7.32 6.16 82.1 
6.69 9.63 9.28 7.32 6.16 84.2 
0.00 0.00 0.00 0.00 0.00 2.84 
4.66 8.01 8.39 6.96 6.51 80.0 
4.66 8.01 8.39 6.96 6.51 82.8 
0.00 0.00 0.00 0.00 0.00 3.24 
12.2 15.7 15.0 13.2 10.4 411 
12.2 15.7 15.0 13.2 10.4 414 
0.00 0.00 0.00 0.00 0.00 7.50 
8.92 15.7 13.7 11.8 9.19 375 
8.92 15.7 13.7 11.8 9.19 383 
0.00 0.00 0.00 0.00 0.00 22.7 
17.4 14.5 12.3 11.2 9.55 484 
17.4 14.5 12.3 11.2 9.55 507 
0.00 0.00 0.00 0.00 0.00 26.2 
15.8 13.1 12.0 9.28 9.73 447 
15.8 13.1 12.0 9.28 9.73 473 
0.00 0.00 0.00 0.00 0.00 2.43 
5.48 11.5 12.0 10.4 8.83 140 
5.48 11.5 12.0 10.4 8.83 142 
0.00 0.00 0.00 0.00 0.00 3.24 
7.71 10.6 10.5 10.9 10.6 139 
7.71 10.6 10.5 10.9 10.6 142 
0.00 0.00 0.00 0.00 0.00 286 
13.4 16.1 18.9 16.4 12.8 794 
13.4 16.1 18.9 16.4 12.8 1080 
0.00 0.00 0.00 0.00 0.00 316 
12.8 14.1 17.3 14.5 14.7 750 
12.8 14.1 17.3 14.5 14.7 1066 
0.00 0.00 0.00 0.00 0.00 407 
32.7 24.2 16.1 12.7 13.8 803 
32.7 24.2 16.1 12.7 13.8 1210 
0.00 0.00 0.00 0.00 0.00 409 
31.2 21.0 17.0 14.3 14.4 772 
31.2 21.0 17.0 14.3 14.4 1182 
Table 50. Amount of N mineralized within successive incubation 
periods of 20 weeks in a soil with pH = 7 amended with 
animal manures and incubated at 30°C under aerobic 
condition 
Nitrogen mineralized within successive 
N source Rep N form 0-2 2-4 4-6 6-8 8-10 
—mg N kg^30LI 
0.00 
7.50 
7.50 
Control 1 
DM 
NH4-N 
NO3-N 
Total 
NH4-N 
NO3-N 
Total 
NH4-N 
NO3-N 
Total 
NH4-N 
NO3-N 
Total 
2.03 
11.4 
13.4 
2.84 
14.0 
16.8 
0.61 
23.1 
23.7 
1.22 
24.9 
26.1 
0.00 
8.52 
8.52 
0.00 
9.33 
9.33 
0.00 
47.3 
47.3 
0.00 
45.2 
45.2 
0.00 
8.52 
8.52 
0.00 
39.5 
39.5 
0.00 
36.5 
36.5 
0.00 
9.94 
9.94 
0.00 
8.31 
8.31 
0.00 
35.7 
35.7 
0.00 
33.1 
33.1 
0.00 
5.68 
5.68 
0.00 
5.27 
5.27 
0.00 
38.3 
38.3 
0.00 
37.3 
37.3 
SM 1 NH4-N 0.41 0.61 0.00 0.00 0.00 
NO3-N 29.2 66.1 70.0 73.2 46.8 
Total 29.6 66.7 70.0 73.2 46.8 
2 NH4-N 1.42 0.41 0.00 0.00 0.00 
NO3-N 28.4 63.1 65.5 70.4 43.6 
Total 29.8 63.5 65.5 70.4 43.6 
CM 1 NH4-N 0.61 0.20 0.00 0.41 0.00 
NO3-N 236 85.8 58.2 24.3 18.7 
Total 237 86.0 58.2 24.7 18.7 
NH4-N 2.84 0.41 0.00 0.00 0.00 
NO3-N 221 82.7 55.0 22.1 16.8 
Total 224 83.1 55.0 22.1 16.8 
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incubation periods (weeks) specified. 
10-12 
0.00 
6.69 
6.69 
0.00 
4-66 
4.66 
0.00 
28.8 
28.8 
0.00 
24.9 
24.9 
0.00 
40.6 
40.6 
0.00 
39.5 
39.5 
0.00 
20.9 
20.9 
0.00 
19.1 
19.1 
12-14 
0.00 
9.63 
9.63 
0.00 
8.01 
8.01 
0.00 
28.3 
28.3 
0.00 
25.9 
25.9 
0.00 
36.6 
36-6 
0-00 
35-0 
35.0 
0.00 
17.9 
17.9 
0.00 
16.3 
16.3 
14-16 
0.00 
8.39 
8.39 
0.00 
20.5 
20.5 
0.00 
18.2 
18.2 
0.00 
31.8 
31.8 
0.00 
30.2 
30.2 
0.00 
17.1 
17.1 
0.00 
15.7 
15.7 
16-18 
0.00 
6.96 
6.96 
0.00 
23.0 
23.0 
0.00 
21.8 
21.8 
0.00 
26.6 
26.6 
0.00 
24.6 
24.6 
0.00 
15.0 
15.0 
0.00 
17.0 
17.0 
18-20 
0.00 
6.51 
6.51 
0.00 
21.5 
21.5 
0.00 
22.9 
22.9 
0.00 
22.0 
22.0 
0.00 
20.1 
20-1 
0.00 
11-0 
11.0 
0.00 
12-2 
12.2 
Total 
2-84 
80.0 
82.8 
0.61 
306 
307 
1.22 
291 
292 
1.02 
443 
444 
1.83 
420 
422 
• 1.22 
505 
506 
3.25 
478 
481 
-nxg N kg' soil-
0.00 0.00 0.00 2.03 
9.28 7.32 6.16 82.1 
9.28 7.32 6.16 84-2 
Table 51. The pH of the leachate within successive incubation periods of 
20 weeks in a soil with different pH values amended with 
biotechnology by-products and incubated at 20°C 
Leachate pH within successive 
N source Rep Soil pH 0-2 2-4 4;^ 6;^ 3-10 10-12 
Control 
SMB 
SS 
HSOM 
APF 
HLF 
I 5 4.48 4.39 4.43 4.46 4.46 4.50 
6 5.70 6.09 6.26 5.90 5.96 5.94 
7 6.63 6.76 6.78 6.93 6.80 6.71 
2 5 4.55 4.44 4.48 4.45 4.43 4.37 
6 6.12 6.55 6.96 7.44 6.35 6.21 
7 6.50 6.59 6.61 6.86 6.71 6.85 
1 5 4.86 4.59 4.51 4.47 4.40 4.30 
6 5.87 6.04 6.25 5.94 5.82 5.62 
7 6.47 6.53 6.52 6.81 6.74 6.93 
2 5 4.92 4.53 4.40 4.36 4.38 4.65 
6 5.66 4.89 4.94 4.96 5.36 5.29 
7 6.50 6.71 6.63 6.80 6.83 6.76 
1 5 5.46 4.95 6.30 6.18 5.75 5.70 
6 5.89 5.03 5.30 5.19 5.23 5.15 
7 6.34 6.64 6.92 6.93 6.85 6.56 
2 5 5.67 4.58 6.10 6.10 6.00 6.02 
6 6.01 4.71 5.06 5.54 5.44 5.36 
7 6.30 6.44 6.62 6.80 6.96 6.74 
1 5 3.98 4.14 4.11 4.04 4.06 3.99 
6 4.75 4.81 4.68 4.60 4.45 4.67 
7 6.08 6.30 6.36 6.26 6.35 6.03 
2 5 4.00 4.12 4.12 4.03 4.01 4.15 
6 4.43 4.57 4.48 4.40 4.51 4.39 
7 6.07 6.26 6.49 6.50 6.48 6.41 
1 5 6.33 4.32 4.18 4.16 4.09 4.01 
6 6.10 4.82 4.44 4.34 4.35 4.61 
7 6.05 4.72 5.19 6.29 6.17 5.37 
2 5 6.13 4.26 3.92 3.96 4.00 4.13 
6 6.13 4.81 4.47 4.39 4.42 4.32 
7 6.11 4.55 5.02 5.98 6.05 6.13 
1 5 5.68 4.67 4.05 3.90 3-98 3.91 
6 5.79 4.63 4.41 4.35 4.41 4.40 
7 6.00 4.63 4.83 6.03 5.76 5.98 
2 5 6.18 4.85 4.17 3.99 3.93 4.03 
6 5.95 4.71 4.45 4.32 4.38 4.51 
7 5.86 4.61 4.69 4.98 5.33 5.57 
'Soil-sand-amendment mixture:O.OlM CaCl2 ratio, 1:2.5. 
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pH of 
12-14 14-16 16-18 18-20 the soil" 
4.55 4.38 4.65 4.53 4.19 
6.41 6.30 6.04 6.03 5.00 
6-79 6.79 6.89 6.67 6.75 
4.32 4.42 4.60 4.41 4.31 
6.29 6.41 7.50 6.12 5.02 
6.65 6.60 6.97 6.55 6.91 
4.80 4.62 4.62 4.53 4.02 
5.60 5.41 5.98 5.69 4.61 
6.13 6.55 6.82 6.92 6.46 
5.10 4.35 4.65 4.49 4.16 
5.48 5.52 5.99 5.53 4.54 
6.54 6.73 6.87 6.69 6.38 
5.66 5.77 5.34 4.38 4.21 
5.61 5.16 6.09 5.85 4.45 
6.37 6.70 6.95 6.73 6.11 
5.93 5.76 5.23 4.47 4.12 
5.42 5.27 6.33 5.98 4.60 
6.45 6.48 6.78 6.81 6.23 
4.15 4.00 4.15 4.05 4.02 
4.38 4.48 4.81 4.62 4.42 
6.01 6.18 6.50 6.32 5.88 
4.06 4.15 4.15 4.13 4.13 
4.49 4.62 4.77 4.66 4.30 
6.14 6.37 6.60 6.64 5.79 
4.01 4.13 4.34 4.19 3.99 
4.36 4.61 4.72 4.41 4.11 
5.33 5.36 6.39 6.17 4.81 
4.06 4.05 4.25 4.11 3.93 
4.52 4.35 4.83 4.39 4.18 
5.39 5.30 6.28 6.39 4.81 
4.13 4.01 4.15 4.00 4.00 
4.42 4.25 4.78 4.56 4.31 
5.10 5.18 6.27 6.46 4.73 
4.22 3.97 4.09 4.12 4.06 
4.27 4.21 4.70 4.47 4.22 
5.27 5.35 6.28 6.72 4.60 
Table 52. Tlie pH of the leachate within successive incubation periods of 
20 weeks in a soil with different pH values amended with 
animal manures and incubated at 20°C under aerobic condition. 
Leachate pH within successive 
N source Rep SoilpH 0-2 2-4 4-6 6-8 8-10 10-12 
Control 1 3 4.48 4.39 4.43 4.46 4.46 4.50 
6 5.70 6.09 6.26 5.90 5.96 5.94 
7 6.63 6.76 6.78 6.93 6.80 6.71 
2 5 4.55 4.44 4.48 4.45 4.43 4.37 
6 6.12 6.55 6.96 7.44 6.35 6.21 
7 6.50 6.59 6.61 6.86 6.71 6.85 
DM 1 5 5.98 5.90 6-28 6.10 6.13 6.05 
6 6.59 6.49 6.92 6.65 6.55 6.42 
7 6.87 6.70 7.03 7.00 6.95 6.81 
2 5 6.14 6.01 6.52 6.12 6.08 6.21 
6 6.61 6.37 6.69 6.44 6.47 6.27 
7 6.85 6.74 7.13 7.12 7.13 6.95 
SM 1 5 6.15 6.11 6.54 6.03 5.87 5.91 
6 6.42 6.25 6.41 6.10 6.25 6.19 
7 6.92 6.79 6.76 6.73 6.70 6.88 
2 5 6.19 5.97 5.93 5.61 5.92 6.18 
6 6.46 6.22 6.56 6.08 6.43 6.33 
7 6.86 6.66 6.79 6.76 6.83 6.69 
CM 1 5 5.84 6.06 6.19 5.90 5.94 5.70 
6 6.27 6.65 6.51 6.35 6.51 6.39 
7 6.63 6.84 6.79 6.91 6.82 6.90 
2 5 5.87 6.03 5.97 5.83 5.88 6.07 
6 6.38 6.53 6.82 6.56 6.43 6.48 
7 6.84 6.69 6.78 6.93 6.97 7.00 
®Soil-sand-amendment mixturetO.OlM CaClj ratio, 1:2.5. 
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incubatioa periods (weeks) specified. pH of 
12-14 14-16 16-18 18-20 the soil" 
4.55 4.38 4.65 4.53 4.19 
6.41 6.30 6.04 6.03 5.00 
6.79 6.79 6.89 6.67 6.75 
4.32 4.42 4.60 4.41 4.31 
6.29 6.41 7.50 6.12 5.02 
6.65 6.60 6.97 6.55 6.91 
6.21 6.17 5.80 6.25 5.01 
6.53 6.81 6.48 6.42 5.76 
6.97 6.95 7.90 7.39 6.59 
6.34 6.09 5.59 6.20 5.04 
6.72 6.55 6.52 6.59 5.61 
7.09 7.06 8.12 7.21 6.73 
6.14 6.20 5.21 5.22 4.65 
6.39 6.30 6.23 6.17 5.14 
6.84 6.67 7.12 6.99 6.46 
6.22 6.39 5.11 5.33 4.41 
6.46 6.63 5.91 6.05 5.17 
6.95 6.90 6.96 7.14 6.52 
5.87 5.80 5.78 5.60 5.10 
6.50 6.47 6.48 6.27 6.01 
6.73 6.94 7.98 7.15 6.53 
6.03 5.72 5.85 5.45 4.90 
6.63 6.42 6.66 6.44 5.92 
6.94 6.83 8.34 7.29 6.82 
Table 53. The pH of the leachate within successive incubation periods of 
20 weeks in a soil with different pH values amended with 
biotechnology by-products and incubated at 30°C 
Leachate pH within successive 
N source Rep Soil pH 0-2" 2-4 4-6 6-8 8-10 10-12 
Control 1 3 4.39 4.33 4.51 4.38 4.54 
6 5.25 5.54 6.13 5.39 5.60 
7 6.62 6.67 7.10 6.91 7.15 
2 5 4.31 4.31 4.30 4.48 4.45 
6 5.10 5.18 5.35 5.58 5.72 
7 6.57 6.60 7.02 7.08 6.94 
SMB 1 5 4.32 4.26 4.29 4.33 4.32 
6 4.86 4.84 4.88 4.93 4.88 
7 6.33 6.32 6.40 6.52 6.60 
2 5 4.38 4.23 4.25 4.39 4.37 
6 5.05 5.02 5.19 5.01 4.99 
7 6.37 6.26 6.38 6.43 6.49 
SS 1 5 4.68 4.37 4.40 4.53 4.44 
6 5.04 5.06 4.99 5.11 5.16 
7 6.29 6.25 6.37 6.30 6.27 
2 5 4.76 4.55 4.51 4.45 4.53 
6 5.23 5.26 5.26 5.16 5.09 
7 6.24 6.25 6.41 6.48 6.39 
HSOM 1 5 3.98 4.07 4.09 4.03 4.00 
6 4.46 4.51 4.52 4.43 4.44 
7 6.06 5.96 6.10 6.07 5.93 
2 5 4.01 4.09 4.05 4.09 3.98 
6 4.35 4.36 4.36 4.55 4.50 
7 5.89 5.92 6.03 5.98 6.16 
APF 1 5 4.31 4.00 3.96 4.05 4.02 
6 4.22 4.16 4.23 4.19 4.26 
7 4.64 4.90 5.50 5.28 5.32 
2 5 4.48 4.08 4.02 3.99 4.08 
6 4.36 4.21 4.23 4.35 4.33 
7 4.56 4.85 5.60 5.45 5.48 
HLF 1 5 5.19 4.25 4.01 4.00 3.84 
6 4.65 4.57 4.55 4.61 4.59 
7 5.04 4.87 5.39 5.13 5.06 
2 5 4.71 4.11 3.96 3.97 3.96 
6 4.65 4.51 4.44 4.57 4.68 
7 4.81 4.55 4.76 4.98 5.13 
'Not determined 
''Soil-sand-amendment niixture:O.OlM CaCl2 ratio, 1:2.5. 
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incubation periods (weeks) specified pH of 
12-14 14-16 16-18 18-20 the soU'' 
4.38 4.41 4.61 4.45 4.25 
5.78 5.55 7.13 5.91 4.98 
6.94 6.65 7.65 6.85 6.87 
4.45 4.38 4.37 4.56 4.34 
5.49 5.38 6.82 6.15 5.01 
6.82 6 83 7.42 6.92 6.84 
4.22 4.36 4.46 4.42 4.13 
5.01 4.80 4.87 5.10 4.43 
6.36 6.51 7.13 6.92 6.30 
4.31 4.17 4.44 4.47 4.06 
5.10 5.11 5.04 5.17 4.52 
6.52 6.30 6.95 6.64 6.41 
4.33 4.67 4.45 4.50 4.14 
5.08 5.06 4.99 5.13 4.48 
6.32 6.21 6.91 6.48 6.19 
4.52 4.39 4.55 4.41 4.17 
5.17 5.37 5.02 5.06 4.52 
6.45 6.45 7.10 6.83 6.27 
4.13 4.00 4.08 4.09 4.06 
4.40 4.31 4.53 4.57 4.32 
6.02 6.11 6.31 6.38 5.94 
4.09 4.18 4.11 4.06 4.06 
4.62 4.63 4.44 4.49 4.28 
5.91 6.27 6.32 6.29 5.77 
3.90 4.06 4.20 4.16 4.01 
4.27 4.17 4.39 4.30 4.07 
5.31 5.13 5.47 5.36 4.85 
4.00 4.12 4.21 4.22 4.02 
4.32 4.38 4.42 4.44 4.12 
5.18 5.12 5.50 5.63 4.77 
4.13 4.17 4.09 4.03 3.85 
4.38 4.33 4.61 4.42 4.21 
5.11 4.99 6.09 5.19 4.84 
4.00 4.03 4.10 4.08 3.90 
4.53 4.60 4.36 4.38 4.18 
4.88 4.69 5.21 5.00 4.58 
Table 54. The pH of the leachate within successive incubation periods of 
20 weeks in a soil with different pH values amended with 
animal mantires and incubated at 30°C under aerobic condition. 
Leachate pH within successive 
N* source Rep Soil pH 0-2' 2-4 4-6 6-8 8-10 10-12 
Control 1 5 4.39 4.33 4.51 4.38 4.54 
6 5.25 5.54 6.13 5.39 5.60 
7 6.62 6.67 7.10 6.91 7.15 
2 5 4.31 4.31 4.30 4.48 4.45 
6 5.10 5.18 5.35 5.58 5.72 
7 6.57 6.60 7.02 7.08 6.94 
DM 1 5 5.74 5.55 5.63 5.71 6.80 
6 6.X8 6.10 6.09 6.15 6.03 
7 6.56 6.49 6.54 6.93 7.03 
2 5 5.64 5.99 6.95 6.12 7.26 
6 6.22 6.09 6.09 6.10 6.15 
7 6.83 7.03 7.31 7.00 6.89 
SM I 5 5.47 5.10 4.98 5.07 4.70 
6 5.98 5.70 5.63 5.81 5.92 
7 6.47 6.35 6.55 6.42 6.35 
2 5 5.09 4.83 4.73 4.89 4.58 
6 5.98 5.72 5.74 5.89 5.85 
7 6.33 6.19 6.17 6.50 6.48 
CM I 5 5.39 5.34 5.36 5.38 5.28 
6 6.06 6.03 6.07 6.00 6.05 
7 6.50 6.61 7.10 7.13 7.00 
2 5 5.45 5.48 5.37 5.39 5.34 
6 6.23 6.19 6.23 6.14 6.16 
7 6.53 6.57 7.25 7.19 7.22 
®N"ot determined 
''Soil-sand-amendment mixture:O.OlM CaCla ratio, 1:2.5. 
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incubatioii periods (weeks) specified pH of 
12-14 14-16 16-18 18-20 the soil'' 
4.38 4.41 4.61 4.45 4.25 
5.78 5.55 7.13 5.91 4.98 
6.94 6.65 7.65 6.85 6.87 
4.45 4.38 4.37 4.56 4.34 
5.49 5.38 6.82 6.15 5.01 
6.82 6.83 7.42 6.92 6.84 
5.59 5.86 7.26 6.30 4.93 
6.14 6.04 6.90 6.59 5.69 
6.85 7.05 7.19 7.15 6.66 
5.68 6.01 7.31 6.17 4.90 
6.21 6.29 7.13 6.42 5.67 
6.99 7.06 7.05 7.00 6.70 
5.17 5.15 4.60 5.10 4.37 
6.00 5.61 5.37 5.52 5.09 
6.64 6.22 7.32 6.73 6.39 
5.05 5.27 4.55 5.23 4.38 
5.90 5.82 5.55 5.65 5.25 
6.39 6.41 6.50 6.91 6.43 
5.44 5.33 5.31 4.45 4.97 
6.13 6.10 6.27 6.32 5.81 
7.13 6.61 7.28 6.88 6.66 
5.37 5.63 5.39 5.38 5.05 
6.26 6.29 6.31 6.13 6.10 
6.96 6.83 7.54 7.12 6.69 
Table 55. Dry maUer yield, yield of N, percentages of N recovered, F.and K content of corn top 
j)roduced under different pH values 
N rat e 
pH value N source nig kg ' 
dry matter Average 
Jg) (g) % N 
Yield of N Average %N Average 
(mg) (mg) recovered (mg) % P % l( 
control none 7.82 
G.rj'l 
6.9!) 
7.12 0.396 
0.-102 
0.412 
31.0 
2(5.3 
28.8 
28.7 0.283 
0.351 
0.335 
2.()'1 
2.78 
2.(i0 
SMB 100 10.7 
9.04 
8.05 
9.27 0.407 
0.388 
0.412 
43.G 
35.1 
33.2 
37.3 14.9 
6.39 
4.49 
8,6 0.277 
0.283 
0.266 
1.59 
2.11 
1.93 
SMB 200 16.0 
14.9 
15.4 
15.4 0.412 
0.455 
0.392 
65.9 
67.6 
60.4 
64.7 18.6 
19.5 
15.9 
18.0 0.274 
0.28<) 
0.256 
1.63 
1.69 
1.77 
SMB 300 20.1 
23.9 
16.2 
20.1 0.437 
0.530 
0.485 
87.8 
127 
78.7 
97.7 19.7 
32.6 
16.7 
23.0 0,197 
0.281 
0,261 
1.53 
1.63 
1.59 
to 
Gi 
00 
SMB 400 26.7 
22.8 
23.7 
24.4 0,559 
0.539 
0.560 
150 
123 
133 
135 30.2 
23.6 
26.0 
26,6 0.170 
0,250 
0,235 
1,58 
1,51 
1.44 
SMB 500 26.8 
29,6 
27,1 
27.8 0.557 
0.496 
0,600 
149 
147 
163 
153 24.1 
23.6 
26.8 
24.8 0.187 
0.196 
0.187 
1.15 
1.37 
1.52 
SS 100 18,2 
17,6 
11,5 
15.8 0,397 
0,367 
0.455 
72,2 
64.5 
52.4 
63.0 43,5 
35.8 
23,7 
34.3 0.273 
0.287 
0.270 
1,60 
1.34 
1,50 
SS 200 29,7 28 6 0.585 174 138 72.5 54,6 0.271 1,03 
28 4 0.462 131 51,2 0,250 1,31 
27 5 0,396 109 40,2 0,263 1 44 
Table 55. (continued) 
N rate 
pH value N source mg kg"' 
6 SS 300 
5 SS 400 
5 SS 500 
dry matlor Average 
(g) (e) % N 
32.3 32.4 0.498 
31.4 0.489 
33.4 0.481 
39.9 38.2 0,545 
38.8 0.()3() 
35.8 0.551 
41.1 43.0 0.084 
48.0 1.005 
41.7 0.582 
5 HSOM 
5 HSOM 
HSOM 
5 HSOM 
HSOM 
100 9.7G 
8.13 
7.10 
200 11.0 
1 1 . 1  
10.4 
300 13.3 
10.7 
1 1 . 1  
400 10.4 
17.3 
13.0 
500 18.0 
17.2 
19.4 
8.33 0.408 
0.391 
0.455 
10.8 0.473 
0.399 
0.413 
11.7 0.479 
0.402 
0.370 
15.0 0.305 
0,423 
0.415 
18,2 0 482 
0 4(19 
0 405 
Yield of N Averago % N Averago 
(nig) (mg) recovered (mg) % I' % K 
161 158 
153 
101 
218 220 
244 
197 
281 335 
482 
243 
39.8 34.6 
31.8 
32.3 
52.0 46.5 
44.3 
43.1 
63.7 49.3 
43.2 
40.9 
50.0 59.1 
73.4 
53.i) 
«(>,!) 82,1 
80,6 
78,7 
44.2 43.2 
41.6 
44.0 
47.3 47.7 
53.9 
42.1 
50.4 (il.3 
90.7 
42.9 
11.1 5.94 
3.11 
3,59 
11.7 8,89 
7,79 
7.21 
11.7 0.86 
4.84 
4.07 
5.32 7.60 
11.2 
6.30 
11.6 10 7 
10.4 
10.0 
0.285 1.60 
0.270 1.33 
0.257 1.24 
0.243 1.61 
0.250 1.17 
0.237 1.32 
0.233 1.75 
0.231 1.45 
0.242 1.21 
0.337 2.15 
0.369 2.88 
0,351 2.63 
0.345 2,81 
0 323 2.87 
0.354 2.72 
0.373 2.10 
0.350 2.45 
0 351 2.62 
0,330 2,42 
0,338 2,54 
0 330 2.57 
0.2H(i 2,03 
0 241 179 
0 349 2,92 
Table 55. (continued) 
N rnto dry mntter Avernge 
pH value N source mg kg" (g) (g) %N 
Yield of N Average %N Average 
(nig) (mg) recovered (mg) % 1' %K 
AF^F 100 25.5 
20.3 
25.2 
25.6 0.491 
0.304 
0.424 
125 
95.0 
107 
109 90.5 
00,9 
78.1 
80.6 0.213 
0,200 
0,190 
0,80 
0,85 
0,92 
APF 200 35.2 
39.3 
34.3 
30.3 0.492 
0.471 
0.489 
173 
185 
108 
175 72.1 
78.4 
(i9.5 
73.3 0.204 
0.189 
0.180 
0.07 
1 , 1 0  
0,91 
AI^P 300 44,3 
42,2 
45.8 
44.1 0.053 
0.097 
0.537 
289 
294 
246 
27() 80.7 
88,5 
72.4 
82.5 0.165 
O.IOI 
0.173 
1 . 1 1  
0.79 
0.89 
APF 400 42,8 
47,5 
41,0 
43.8 0.892 
0.823 
0.836 
381 
391 
343 
372 88.2 
90,7 
78,5 
85,8 0,144 
0.100 
0.158 
1 . 1 6  
1.04 
1.03 
to 
<1 O 
APF 500 41.7 
36.8 
41.5 
40.0 1.103 
1.283 
1.330 
400 
473 
552 
495 86.2 
88.8 
105 
93.2 0.141 
0.149 
0.102 
1.15 
1.02 
1.08 
HLF 100 22.1 
23.7 
20.7 
22.2 0.371 
0.410 
0.448 
82.1 
98.5 
92.9 
91.2 53,4 
69,8 
64.2 
02,5 0,218 
0,204 
0,197 
1,58 
1,25 
1,37 
HLF 200 30,2 
34,7 
36,2 
35,7 0,445 
0,502 
0,551 
101 
195 
199 
185 ()6,2 
83,1 
85,3 
78,2 0,250 
0,223 
0,194 
1,20 
0,91 
1,00 
HLF 300 41,7 
39.4 
39,7 
40,2 0,590 
0,602 
0,572 
246 
261 
227 
244 72.4 
77.3 
06.0 
71.!l 0.180 
0.194 
0.207 
0.52 
1.04 
0.94 
Table 55, (continued) 
N rnto 
pH value N sourcu mg kg ' 
dry mnltor Avorngo 
(g) (g) %N 
MLF 400 42.3 
45.1 
3!).(! 
42.3 0,533 
0,040 
0.784 
llLIi' 500 41.3 
41.3 
43.7 
42,1 0,039 
0.978 
0.791 
DM 100 4.97 
5.41 
7.08 
5.82 0.499 
0.540 
0.022 
DM 200 0.21 
7.70 
5.38 
0.45 0.509 
0.442 
0.577 
DM 300 8.98 
9.32 
0.82 
8.37 0.358 
0.510 
0,543 
DM 400 10.2 
10.7 
9.10 
10.0 0.50() 
0.533 
0.502 
DM 500 11.8 
10.3 
8.47 
12.2 0.503 
0.490 
0.(i05 
5 SM 100 8.10 
7.03 
5.(i9 
0.90 0.455 
0.471 
0.497 
Yield of N Avernge %N Avorngo 
(mg) (mg) recovered (mg) % P 
220 270 49,2 01.8 0.184 
291 05.0 0.191 
311 70.5 0,109 
388 379 71.9 70,1 0,190 
404 75.0 0.138 
340 03.4 0.150 
24.8 32,8 - 3.93 4.10 0.423 
29.6 0.89 0,381 
44.0 15.3 0.345 
31.0 32.3 1.45 1.80 0.350 
34.3 2.80 0.391 
31.0 1.17 0,303 
32.2 38.9 1.16 3.40 0.328 
47.5 0.20 0.208 
37.1 2.79 0.391 
51.0 51.5 5,73 5.71 0.261 
57.0 7.07 0.304 
40.0 4.32 0.405 
59.4 03 0 6.14 6.98 0.384 
80.1 10.3 0.340 
51.3 4.51 0.377 
37.1 32 8 8 41 4,12 0.300 
33.1 4 37 0.442 
28.3 • 0.42 0.413 
Table 55. (continued) 
N rnt.e dry mnttor Avoriige 
pH value N source iiig kg' (g) (e) % N 
SM 200 ii.n 
ia.8 
10.8 
12.0 O.-lOl 
0.400 
0.4()4 
SM 300 17.2 
20.3 
14.1 
17.2 0.03!) 
0,377 
0.551 
SM 400 2(i.4 
24.1 
27.1 
25.8 0.499 
0.441 
0.504 
SM 500 31.1 
27,7 
39.7 
32.8 0.550 
0.507 
0.589 
CM 100 17.2 
8.52 
14.0 
13.2 0.389 
0.425 
0.44() 
CM 200 25.5 
24.8 
24,() 
25.0 0.405 
0.403 
0.440 
CM 300 34,1 
31.5 
21,9 
2'.).2 0.477 
0.477 
0.572 
CM 400 33 !t 
,18 2 
35 8 
3f>.() 0 524 
0.525 
0,419 
YioliiofN Avcirngo %N Avorngo 
(mg) (mg) recoveroil (mg) % P % K 
53.2 52.8 
55.1 
49.9 
110 88.2 
70.8 
77.5 
132 125 
100 
130 
173 182 
141 
234 
G0.9 55.2 
3(1.2 
(12.5 
103 104 
100 
110 
103 I4(i 
150 
125 
178 17(1 
201 
150 
12.3 12.0 
13.2 
10.(5 
27.2 19.8 
Ki.O 
10.3 
25.7 24.0 
19.4 
20.9 
28.8 30.7 
22.4 
41.0 
38.2 20.5 
7.51 
33.8 
37.3 37.8 
35.7 
40.4 
44.7 39.1 
40.5 
32.2 
37 3 30,9 
43() 
30 4 
0.350 2.51 
0.395 3.10 
0.403 3.27 
0.372 2,91 
0.380 3.09 
0.3(54 3.12 
0.347 2.91 
0.305 2.89 
0.372 2.99 
0.330 2,77 
0.374 2.88 
0.303 2.94 
0.204 2.13 
0.209 l.i)7 
0.200 2,25 
0.204 1.73 
0.222 1.84 
0,231 1.72 
0.222 1,45 
0.180 1.47 
0,258 1(50 
0,225 1,45 
0.238 1.50 
0 , 2 1 2  1 ( 1 1  
Table 55. (continued) 
N rnto 
pH value N source nig kg'* 
dry matter Average 
(g) (g) % N 
Yield of N Average %N Average 
(mg) (mg) recovered (mg) % 1' %K 
CM 500 43.9 
39.7 
32.2 
38.G 0.4G3 
0.540 
0.552 
203 
215 
178 
199 34.9 
37.2 
29.9 
34.0 0.221 
0.235 
0.^34 
1.38 
l.(il 
1.5(i 
UAN 100 23.8 
25.8 
21.5 
23.7 0.430 
0.400 
0.419 
102 
103 
90.1 
98.0 73.0 
74.5 
01.4 
09.9 0.108 
0.138 
0.170 
1.52 
1.04 
1 .01  
UAN 200 35.8 
3G.4 
35.9 
30.0 0.559 
0.481 
0.5 Hi 
200 
175 
185 
187 85.7 
73.2 
78.3 
79.1 0.215 
0.170 
0.140 
1.00 
1 . 1 0  
0.98 
UAN 300 44.3 
41.8 
45.8 
44.0 0.531 
0.743 
230 
311 
0.749 343 
29f) 09.0 
94.0 
105 
89.2 0.148 
0.150 
0.134 
0.90 
0.90 
0.99 
to 
CO 
UAN 400 45.0 
43.7 
40.1 
44.9 0.911 
0.701 
0.739 
410 
332 
340 
301 95.3 
75.9 
77.9 
83.1 0.183 
0.152 
0.103 
0,89 
0.83 
0.81 
UAN 500 40,0 
42.8 
39,4 
42.7 1.030 
0.870 
1.003 
477 
375 
395 
410 89.0 
09.2 
73.3 
77,4 0,120 
0,173 
0.100 
0.73 
0,82 
0,89 
control noun 5,80 
0,04 
4.15 
5.35 0,425 
0,474 
0,414 
24,9 
28,0 
17.2 
23,0 0.384 
0.37i) 
0,34 1 
3 13 
2,72 
2,81 
SMB 100 10,0 
11,4 
0.20 
9.2 0.514 
0,410 
0.4(i7 
51.3 
40.(i 
29.0 
42 3 27.7 
23.0 
5 39 
18 7 0,281 
0,208 
0,288 
1,90 
1.05 
I 54 
Table 55. (continued) 
N rat(i (Jry mnUer Avorngo 
1)H value N source mg kg ' (g) (g) %N 
SMB 200 5.00 
10.1 
12.5 
9.24 0.490 
0.419 
0,412 
SMB 300 21,9 
15,1 
17,9 
18,3 0,430 
0,4()3 
0,423 
SMB 400 23,3 
23,8 
21.8 
23.0 0.455 
0,701 
0,503 
SMB 500 33,9 
30.1 
20.4 
28.1 0.515 
0,515 
0,507 
SS 100 12,1 
13,9 
12,5 
12,8 0,432 
0,424 
0,411 
SS 200 21.9 
19.3 
22.0 
21,3 0,450 
0,450 
0.411 
SS 300 33,0 
34,5 
32.8 0,479 
0,449 
30,3 0,431 
0 SS 400 42.0 39,4 0.403 
40,0 0.020 
35 1 0.521 
Yield of N Average %N Average 
(ing) (mg) recovered (mg) % I' % K 
24.8 39.7 0.01 8.04 0,407 1.02 
42.4 9.43 0.278 1.08 
51,7 14.1 0.200 1.54 
94.4 80.1 23,0 18,8 0,203 1,70 
70,0 15.5 0.244 1,00 
75.9 17,4 0,204 1,51 
lOG 132 20,0 27,2 0.179 1,59 
181 39.4 0.151 1,32 
110 21,5 0.174 1,75 
174 148 30,2 25,0 0,140 1,29 to 
155 20,3 0,100 1.09 
110 18.5 0.100 1,70 
52,2 54.2 28,0 30.0 0,290 1,71 
58.8 35,2 0,273 1,51 
51,0 28,0 0,270 1,20 
100 93.3 38,2 34.8 0.290 1.53 
80.i) 31.0 0,248 1,79 
92.9 34,7 0,234 1,05 
101 149 45,!) 41,8 0,235 1.48 
155 43,!) 0,255 1,41 
131 35,7 0,200 0.95 
198 210 43,5 40,(i 0,25!) 1,40 
248 50 1 0.242 1,32 
185 10.3 0,200 1,40 
Table 55. (continued) 
N rule 
pH value N Bourco mg kg"' 
dry mntlnr Avnrago 
(g) (g) % N 
SS 500 40.4 
39.0 
44.2 
41.2 0.(i47 
0.549 
0.033 
HSOM 100 G.41 
7.02 
5.77 
0.40 0.415 
0.447 
0.410 
HSOM 200 0.90 
8.37 
7.04 
7.04 0.432 
0.409 
0.414 
HSOM 300 11.4 
11.5 
8.27 
10.4 0.471 
0.448 
0.442 
HSOM 400 12.9 
15.3 
11.9 
13.4 0.370 
0,441 
().40(i 
HSOM 500 Ui.l 
13.5 
14.8 
14.8 0.451 
0.558 
0.423 
APF 100 20.3 
23.8 
22.7 
22.3 0.431 
0.373 
0.400 
Al'K 200 37.3 
37.5 
32.1 
35.(i 0.533 
0.498 
0.408 
YioldofN Avontgo %N Avorago 
(iiig) (mg) recovered (mg) % I' % K 
201 252 
214 
280 
20.(i 27.2 
31.4 
23.(i 
29,8 31,9 
34.2 
31,(; 
53,8 47,3 
51.5 
30,0 
47,8 54,5 
07.5 
48,4 
72,4 70.1 
75.4 
02.5 
87,5 89,0 
89,0 
92.3 
199 179 
187 
150 
47.5 4B.0 
38.1 
51.3 
2.99 3.(iO 
7.78 
0.02 
3.12 4.14 
5.30 
4.00 
10.1 7,91 
9.31 
4.33 
0.05 7,74 
11.0 
0.20 
9.75 9.30 
10.4 
7.78 
03.9 liOO 
05.4 
(i8.7 
87 7 77.(i 
81.7 
03 3 
0.204 1.53 
0,203 1,33 
0,241 1,29 
0,304 2,25 
0,303 2,90 
0.34(i 2.00 
0.350 3.10 
0.354 2,99 
0,332 2,70 
0,335 2,83 
0,345 2,83 
0,375 2,54 
0,299 2,52 
0,325 2,37 
0,319 2,71 
0,339 2,71 
0,320 2.00 
0.317 2.54 
0.187 0,90 
0,204 0,87 
0,183 0 82 
0,153 1,51 
0,175 1,01 
0,184 112 
Table 55. (continued) 
N nite dry maltcir Avnrngd 
pH vuluB N BourcB mg kg"' (g) (g) % N 
(i APF 300 34.7 37,(1 0.705 
41,2 0.(152 
37,1 0,(145 
(i APF 400 
() APF 500 
G HLF 100 
(i HLF 200 
(i HLF 300 
(> HLF 400 
(i HLF 500 
39.) 40,0 i.oai 
37,n 0.!)I7 
45,0 ().(i87 
37,0 40,3 0.!)!)() 
43.3 0.948 
40,0 1,098 
19.0 19,3 0.434 
20,7 0.405 
17.7 0.435 
3(>,1 33,8 0,48(! 
33,5 0.437 
31.8 0 528 
3G,« 38,0 0,594 
37.1 0.528 
40.3 0.572 
40.5 41.2 0.()()5 
33,5 ()()52 
43,5 0(172 
49,8 47.4 0 72!) 
47.1 ()7!)4 
45.3 0 77!) 
Yield of N Average %N Average 
(nig) (mg) recovered (mg) % I' % K 
244 251 
2(18 
239 
403 353 
348 
309 
373 407 
410 
439 
85,2 82.0 
83,(1 
77,1 
170 103 
140 
108 
218 215 
190 
230 
281 2(14 
21!) 
2!)2 
3(13 ;ui:t 
374 
;tr)3 
73.0 75,7 
81,0 
71.9 
94.8 82.4 
81.0 
71.3 
09,8 7(1,8 
77.4 
83.1 
61.0 58,4 
00,0 
53.5 
70.1 (19!) 
01,3 
72.2 
04.7 (13.7 
57.3 
(19.0 
04.3 (10.1 
48,7 
(17,2 
07 8 (17!) 
70,1 
(15,8 
(),1!)0 111 
0,178 0,91 
0.101 0.!)0 
0.17(1 1,07 
0.15(1 IK) 
0.100 ().!)4 
0.l!)0 0.71 
0.18!) O.'Xl 
0.14!) 1.08 
0.1!)8 1.87 
O.I!)8 1.42 
0.191 1.47 
().1!)5 0.04 
0.223 0.88 
().l!)3 1.05 
0.224 1.21 
0.1!)0 1.12 
0.214 0.83 
0.180 1.00 
0.175 0.!)0 
0.171 0.80 
0 20!) ()90 
0 183 0 82 
0 172 OKfi 
'I'able 55. (continued) 
N rnto 
pH value N aourcc mg kg'* 
dry matler Avornge 
( g ) ( g )  %N 
DM 100 9.75 
5.12 
4.70 
0.52 0.497 
0..«8 
0.590 
DM 200 7.75 
8.15 
4.58 
().8:i O.-lOl 
0.412 
0.587 
DM 300 G.8(i 
7,02 
9.73 
8,07 0.520 
0.528 
0.010 
DM 400 9.37 
10.3 
9.3! 
9,ti0 0.5(i8 
0.511 
0,470 
DM 500 9.G9 
8.47 
8.4() 
8.87 0.581 
0,550 
0,719 
SM 100 0,34 
0,84 
3.01 
5.00 0.414 
0.458 
0031 
SM 200 8.84 
11.5 
10.0 
10,1 0,533 
0,475 
0,5 l(i 
SM 300 13.5 
14,2 
9,33 
12,3 0,501 
0 532 
0 712 
Yield of N Averngo %N Avonign 
(mg) (tng) rncovonul (nig) % 1' % K 
48,5 32,9 
22.4 
27.7 
31.3 30.6 
33.5 
20,9 
35,7 45.3 
40.2 
59.9 
53.2 49.8 
52.0 
43.7 
50.4 54,0 
40.0 
00.8 
20.3 20.8 
31.3 
22.8 
47.1 51,2 
54,8 
51,8 
(>7,7 (i9,8 
75.4 
f)(i.5 
24.9 9.28 
- 1.17 
4.10 
3.85 3.49 
4.98 
1.00 
4,03 7,23 
5,55 
12.1 
7.41 0.50 
7.24 
5.03 
0.55 0.20 
4.00 
7.45 
2.09 3.18 
7.08 
- 0,82 
11,8 13,8 
15.0 
14.1 
14,7 15,4 
17,3 
14,3 
0,307 2,85 
0,355 2,80 
0,385 2,90 
0,417 3,08 
0,318 2.81 
0,370 2,97 
0,407 2,51 
0,380 3,38 
0,303 2,90 
0,339 3,13 
0 391 2.81 
0,375 2,75 
0,408 2,(i9 
0,300 2.97 
0359 2.94 
0 130 3.14 
0.388 3.07 
0.387 3.13 
0,422 2,89 
0,354 3,20 
0.384 3,32 
03(i4 2.84 
0 357 3,00 
0 374 3 05 
Tablo 55, (conl.inued) 
N riito (hy tnnK.(>r Avorngo 
pH value! N source ing kg"' (g) (g) % N 
SM 400 19,4 
11,7 
11,7 
14.;t 0.018 
0.r)54 
0.589 
SM 500 18.1 
12.2 
15.8 
15.4 0.590 
0.055 
0.7;<9 
CM 100 14.7 
12.8 
9.52 
12.:t o.a()7 
o.:ui7 
0 -151 
CM 200 20,2 
2;i,5 
24.8 
24.8 0.^81 
0 401 
o.4:n 
CM 300 23.2 
20,4 
30.1 
20.0 0.570 
0.70(i 
0.407 
CM 400 35,2 
33.9 
32.0 
33.7 0.480 
0.405 
0.500 
CM 500 39,7 
3().0 
30.7 
37.7 0.480 
0.548 
0.470 
UAN 100 21.0 
23,4 
22. 1  0 379 
0 384 
21.9 I) 4 11 
Yield of N Average %N Aviirngo 
(iiig) (mg) recovnrnd (nig) % I' % K 
120 84,0 
05.1 
09.2 
107 101 
79.8 
117 
53.9 47,9 
40.9 
42,9 
99.9 100 
94,0 
107 
132 147 
180 
123 
109 102 
158 
100 
191 189 
200 
175 
7i)7 80.(i 
90.0 
90.0 
24,0 15,3 
10.4 
11,4 
10.0 15.5 
11,2 
18.7 
30.3 24.3 
23.4 
19.3 
38,2 38.4 
35,2 
41.8 
30,2 41.1 
54.2 
33,0 
30.3 34.7 
33.0 
34.2 
33.4 33.0 
35,4 
30,2 
50.2 03.0 
0(i.4 
0(i,4 
0.372 3.04 
0.300 2.80 
0.357 2.90 
0.358 2,73 
0.371 2.80 
0.378 2.91 
0.248 2.50 
0.195 1.75 
0.191 1.95 
0.217 1,98 
0.224 1.83 
0.225 1,72 
0 203 1,08 
0.194 1.07 
0.215 1.37 
0 240 1.70 
0.211 1.37 
0.222 1.44 
0.230 1.91 
0.240 1.31 
0.208 1.37 
0 190 0 72 
0 102 115 
0 135 125 
Table 55. (continued) 
N rate 
pH value N source mg kg"' 
dry mailer Average 
(g) (g) % N 
Yield of N Average %N Average 
(mg) (mg) recovered (mg) % I' % K 
UAN 200 a:i.8 
37.9 
40.2 
0.502 
0.590 
0.5:11 
109 
224 
2i;i 
202 72.9 
100.2, 
HO.-l 0.178 
0,157 
0 177 
1.18 
0.91 
1.05 
UAN 300 44.9 
41.8 
42.0 
43.1 0.572 
0.507 
0.(;8() 
257 
212 
292 
254 77.8 
02.9 
89.() 
7t).8 0.185 
0.158 
0.150 
1.00 
0.89 
0.80 
UAN 400 40.3 
40.8 
38.5 
43.9 0.732 
0.035 
0.719 
339 
297 
277 
304 78.9 
08.4 
03.3 
70.2 0 141 
O.lfiO 
0.173 
1.00 
0.75 
0,80 
UAN 500 42.8 
53.9 
45.5 
47.4 0,929 
0,807 
0,740 
398 
4()7 
339 
401 74,9 
88,7 
03,1 
75,0 0.185 
0,270 
0,120 
0.50 
0.94 
0.91 
N3 
CD 
control none 8.23 
8.02 
7.07 
7.97 0,381 
0,419 
0,410 
31.4 
30.1 
29.0 
32.1 0.240 
0.258 
0.290 
2.40 
2.00 
2.55 
SMB 100 8.98 
9.23 
8.25 
8.82 0,415 
0.402 
0 458 
37.2 
37.2 
37.8 
37.4 5.10 
5.02 
5,05 
5,20 o,;io:) 
0.279 
0.209 
2,71 
1,29 
1.22 
SMR 200 10.9 
14.3 
10,5 
1 1 9  0.447 
0.381 
0.412 
48,0 
54,2 
43.4 
48,7 8,22 
1 1 1  
5.04 
8.31 0.291 
0,235 
0 203 
2,33 
1,82 
1.40 
SMH 300 18,0 
18.8 
14.0 
17.3 0.418 
0 433 
0 419 
77.7 
81.2 
(11.3 
73.4 15.2 
10.3 
9.74 
13,8 0.2(;!l 
0.287 
0 2(il 
208 
1.02 
I 48 
Table 55. (continued) 
N rnle dry mntt.(!r Avoriigo 
|)H vulue N source mg kg" (g) (r) %N 
SMB 400 28.3 
21.9 
15.7 
22.0 0.442 
0.977 
0.404 
SMB 500 41.7 
:«i.5 
25.0 
34.4 0.471 
0,547 
0.510 
SS 100 8,74 
14.8 
11 ,2  0,370 
0,350 
10.0 0.528 
7 SS 
7 SS 
7 SS 
7 SS 
7 IISOM 
200 20.4 
21.0 
13.5 
300 24.0 
32.0 
20.3 
400 20.7 
28.',) 
24.0 
500 33.3 
3(>,() 
33.5 
100 5.09 
7.33 
0.20 
18.5 0.405 
0.373 
0.418 
25.0 0.455 
0.410 
0.493 
20,5 0,487 
0,450 
0,0()3 
34,4 0,524 
0,550 
0.(10(1 
( ) 4 I  0 . 3 1 9  
0 409 
0,472 
Yield of N Avenige %N AvorHgo 
(mg) (nig) recovereil (ing) % 1' % K 
125 134 23.2 25,5 0,180 1.14 
214 45.4 0.197 1.80 
63.4 7.82 0,191 1.74 
190 nri 32.8 28.5 0.177 1.32 
200 33.5 0.182 0.99 
128 19.1 0.193 1.02 
32.4 45,7 0.23 13.0 0,291 1,11 
51.7 19.0 0,270 1,01 
53.0 20.9 0,201 1,48 
82,0 73.2 25,2 20,5 0,270 1,02 M 
80.7 24,3 0,248 1,00 o 
50,4 12,1 0,233 1,01 
112 114 20,0 27,4 (),2(i4 l.(i7 
131 33.0 0.250 1.30 
99.8 22.0 0.312 1.24 
130 140 24,5 2(i.9 0,295 1,55 
130 24.5 0.249 1.40 
159 31,7 0.237 1.25 
174 li)3 28,4 32 1 0,258 1,84 
201 33,8 0,242 1,23 
203 34,2 0.20'1 1,20 
18 1 25,8 -14.0 -OilO 0 314 2 91 
29 9 - 2.20 ()..158 2 03 
29 3 - 2.88 0 344 2 79 
Table 55, (continued) 
N rdtc! dry matter Avorago 
pH value N source mg kg (g) (B) %N 
HSOM 200 8,88 
7.02 
6,57 
7.'1!) 0.342 
0.397 
0.448 
HSOM 300 7.03 
9.23 
5.94 
7.40 0,421 
0,381 
0,502 
HSOM 400 8.88 
10.8 
7.20 
8.98 0.378 
0.424 
0.419 
HSOM 500 ll.G 
12.4 
13.9 
12.(i 0.377 
0.392 
0.393 
APF 100 18.8 
19.0 
20,4 
19.(> 0.492 
0.453 
0.410 
API-' 200 3(1.3 
34.5 
35 1 0,587 
0.G75 
34.(> 0.574 
7 APF 300 
7 APF 400 
39.7 ;«•)() O.GOO 
38.9 0.581 
29.4 0.791 
38.7 400 0 041 
39.1 0.7 Ki 
42,3 0,722 
YiolilofN Average %N Averag(! 
(nig) (ing) recoveretl (ing) % P % K 
30.3 29.2 
27.8 
29.4 
29.0 31,5 
35.1 
29,8 
33.6 30,6 
45.8 
30.4 
43.9 49.0 
48.7 
54.4 
92.3 88.6 
88.7 
84.7 
213 215 
233 
199 
238 232 
226 
233 
248 278 
280 
305 
- 0.91 • 1.47 
- 2.15 
• 1.35 
- 0.85 - 0.21 
1,00 
- 0.78 
0,37 1,12 
3.43 
- 0.43 
2.30 3.38 
3.31 
4.40 
60.2 5(i.4 
56.5 
52.6 
90.(i 91,4 
100 
83.2 
08.0 ti6.7 
04.5 
06.9 
54.0 614 
61,9 
(>8.3 
0.336 2.84 
0,347 2.89 
0,350 2.01 
0.329 3.13 
0.339 2.67 
0.352 2.50 
0.373 3.15 
0,325 2.59 
0.303 2.74 
0.294 2.15 
0.328 2.29 
0.312 2.07 
0.238 1,49 
0,180 0.93 
0.175 0.85 
0.159 0.99 
0.104 1.14 
0.188 1.06 
0.180 1.34 
0.170 1.05 
0.157 0,86 
0 191 140 
0,177 I 17 
0 151 101 
Table 55, (continued) 
N rnlfi dry ninller AveragR 
|)H value N source mg kg ' (g) (g) %N 
APF fiOO 30.0 
37.6. 
3(1,7 
35.0 1,080 
0,841 
0,919 
HLF 100 21.4 
22.5 
17.2 
20.4 0.380 
0.379 
0.402 
HLF 200 27,3 
32.8 
25.7 
28.(1 0.495 
0.439 
0.459 
HLF 300 41.0 
43.7 
42.1 
42,5 0.504 
0.512 
0.4(53 
HLF 400 42.9 
41.8 
43.0 
42.0 0.587 
0.591 
0.033 
HLF 500 50.0 
47.8 
47.0 
50,3 0.039 
0.719 
0.713 
DM 100 0.94 
0.48 
0.10 
0.51 0.381 
0.479 
0,507 
7 OM 200 0.41 0.15 0,557 
0.91 0.403 
5.14 0.0(M 
Yield of N Average % N Av(!rago 
(mg) (iiig) recovenid (mg) % P %K 
333 329 00.2 59.3 0.207 1,90 
310 5(i.8 0.178 0.97 
338 01.1 0,132 1.10 
81,5 78,8 49,4 40.0 0.202 l.CiG 
85,4 53.2 0.205 1.74 
09.4 37.2 0,191 1,58 
135 132 51,4 50 1 0,175 1,51 
144 55.9 0.179 1.11 
118 42.9 0.190 1.04 
210 210 59.2 59.2 0.102 0.90 N3 
224 04.0 0.194 0.91 
195 54.3 0.187 0.(iG 
252 257 55.0 5(i.3 0.100 1.10 
247 53.8 0.170 0.00 
272 00.1 0.177 1.03 
358 340 05.2 02.7 0.171 0.54 
344 02.3 0.183 0.78 
335 00.0 0.188 1.04 
2().4 29,5 - 5.71 • 2.(iO 0.3(i0 2.88 
31.0 -1.12 0.384 3.00 
31,0 - 1.10 0.305 2.91 
35.7 33.9 1.70 0 K9 0.450 .3 14 
32.0 • 0.09 ().3(iO 3,05 
34.1 0.99 0.301 2 92 
Table 55, (conlinutul) 
N rato dry niattc^r AvornRc* 
pH value N source mg kg" (g) (g) % N 
DM aoo 5.01 
(i.Of) 
(ill 
0.554 
0.517 
0.7'10 
DM '100 7.i)'l 
lO.H 
7.58 
8.01 0.51 a 
0.498 
o.(i:w 
DM 500 0.78 
12.5 
!).07 
!).(iO ().()(iO 
0.542 
0.002 
SM 100 8.55 
7.78 
0.91 
7.75 0.38() 
().40:$ 
0.459 
SM 200 8.ao 
7.(i9 
7,7H 
7.9! 0.480 
0.475 
0,519 
SM 300 1 1 . 1  
11.5 
9.M8 
10.7 0.574 
0,51 a 
0,(!04 
SM 400 17,0 
14.0 
11.8  
14.5 0.477 
0.024 
0,()(i7 
SM 500 170 
\:i:\ 
18.2 
l(i.2 0 51(1 
0 590 
0,590 
Yield of N Avurngo %N Average 
(mg) (mg) recovered (mg) % I' % K 
a 1.1 38,2 • 0.35 2.03 0.390 3.38 
30,0 1,27 0,370 2,73 
47.6 5.17 0.351 2.78 
40.7 40,8 2.14 3.07 0.351 2,00 
51,4 4.81 0.374 2.70 
48.4 4.07 0.349 3.12 
45.2 57.1 2,(il 5.00 0.437 3.47 
07.9 7.15 0.335 2.80 
58.3 5.23 0.342 2.00 
33.0 33.0 0.82 1,43 0.452 3,11 g 
30.0 3.87 0.403 3.20 CO 
31.7 • 0.40 0.387 3,08 
39.8 38,8 3.84 3.35 0,380 3.05 
30.5 2.20 0.372 3,03 
40.1 4.01 0,387 3.15 
03.8 01,7 10.5 9.80 0.454 2.92 
59,0 8,90 0,381 2.95 
02,3 10.1 0.303 3.13 
84.0 83.5 13.0 12,8 0,371 2.5() 
87.5 13.8 0.378 2,80 
78.9 117 0.345 2.95 
87.5 91.0 111 Hit 0,382 2 8(1 
78(i 9,;!() 0 359 2 89 
10!) 15 3 (),.t(i3 2 93 
Table 55, (continued) 
N rnle dry malli^r Averagii 
pH value N Boum! mg kg" (g) (g) % N 
CM 100 Kl.'l 
I'l.l 
M.i )  0,:184 
0.'127 
O.-lOO 
CM 200 10.2 
20.;t 
i;v(> 
17.7 0.452 
0.48.1 
0.457 
c;M aoo 25.2 
23.8 
14.8 
21.a 0.482 
0.431 
0.491 
CM 400 28 7 
23.1 
20.0 
23.9 0.482 
0.537 
0.473 
CM 500 2().l 
37,2 
29 3 
30,9 0,538 
0,478 
0,495 
11 AN 100 20,2 
20,3 
2l,(i 
20,7 0.283 
0.444 
0.420 
DAN 200 32.2 
30,5 
33,0 
31,9 0,475 
0,401 
0.504 
HAN 300 14 () 
42 3 
35 3 
40,5 0,59(1 
0,(il9 
0 !)()» 
YifiiiiofN Avoragd %N Avoragn 
(mg) (mg) rocovonMl (mg) % I' % |{ 
02.9 00,1 30.8 27.9 0,240 2.21 
01.5 29.4 0.207 1,97 
55,7 23.0 0.204 1.88 
80.0 82.3 27.2 25.1 0.222 1,99 
98.0 32.!) 0.233 1.84 
02.1 15.0 0.239 1.00 
122 !)9,0 2!),8 22.3 0.235 1.58 
103 23,5 0,259 1,70 
72.7 13.5 0.200 1.05 
138 119 20.0 21.7 0.219 1.04 
124 22.!) 0.228 1.40 Op 
94.0 15.0 0.229 1.29 
141 154 21.7 24.5 0.233 2.32 
178 29.1 0.250 1.38 
145 22.0 0,198 1.27 
57.0 79.2 24.8 47.0 0.104 1.50 
89.9 57.8 0.117 1,10 
!)0.0 58.5 0.191 0.!)5 
153 153 00.5 00.0 0.150 0.01 
141 54.3 0.150 1.29 
100 07.1 0.122 0!)(1 
202 282 70.7 83 1 0.135 0 77 
202 7(i.7 0 155 0 (ii) 
32(1 9(1 () (I 144 I (10 
Tablo 55, (continued) 
N ral e dry mat ter Av(!rag(! Yiolil ofN Average %N Average 
pH value N source mg kg ' (g) (g) %N (mg) (mg) recovered (mg) % 1' % K 
7 IJAN 400 451) 45.0 0.611 278 307 61.5 68.8 0.145 0,96 
43.3 0.595 258 5G.4 0.167 0.81 
46,2 0.836 386 88.4 0.165 0.!)0 
7 UAN 500 41.0 47.1 0.790 324 380 58.4 69.5 0.170 097 
53,9 0.747 403 74.1 0.104 0,80 
46.5 0.887 413 76.1 0.135 0.93 
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Table 56. pH values of the soils after terminatioii of com 
experiment as affected by source and rate of N applied 
pH value N source ^ PH-H2O Average pH-CaCL Average 
mg kg' 
control none 5.29 
5.15 
5.10 
5.18 4.70 
4.65 
4.49 
4.61 
SMB 100 5.17 
4.99 
5.12 
5.09 4.60 
4.60 
4.49 
4.56 
SMB 200 5.05 
5.14 
5.17 
5.12 4.40 
4.58 
4.64 
4.54 
SJVIB 300 5.29 
5.09 
5.16 
5.18 4.75 
4.55 
4.69 
4.66 
SMB 400 5.37 
5.30 
5.15 
5.27 4.69 
4.55 
4.48 
4.57 
SMB 500 5.46 
5.38 
5.27 
5.37 4.90 
4.73 
4.65 
4.76 
SS 100 5.10 
4.92 
4.86 
4.96 4.50 
4.57 
4.35 
4.47 
SS 200 5.10 
4.75 
4.97 
4.94 4.43 
4.39 
4.55 
4.46 
SS 300 4.79 
5.01 
4.95 
4.92 4.33 
4.43 
4.28 
4.35 
SS 400 4.82 
4.89 
4.99 
4.90 4.28 
4.41 
4.37 
4.35 
SS 500 5.31 
5.07 
5.00 
5.13 4.54 
4.52 
4.41 
4.49 
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Table 56. (continued) 
pH value N source ^PH-H2O Average pH-CaClo Average 
mg kg' 
HSOM 100 4.96 
4.81 
5.00 
4.92 4.40 4.43 
4.37 
4.52 
HSOM 200 4.73 
4.71 
4.80 
4.75 4.30 4.39 
4.41 
4.47 
HSOM 300 4.50 
4.48 
4.61 
4.53 4.10 4.14 
4.09 
4.22 
HSOM 400 4.46 
4.43 
4.59 
4.49 4.05 4.12 
4.10 
4.21 
HSOM 500 4.46 
4.57 
4.62 
4.55 4.16 4.11 
4.04 
4.13 
APF 100 5.00 4.91 4.45 4.53 
4.78 4.55 
4.95 4.60 
APF 200 4.79 4.81 4.33 4.29 
4.76 4.15 
4.87 4.39 
APF 300 4.50 4.60 4.11 4.09 
4.63 3.97 
4.66 4.19 
APF 400 4.48 4.33 4.14 3.96 
4.13 3.75 
4.39 3.99 
APF 500 4.48 4.38 4.18 4.01 
4.26 3.83 
4.41 4.03 
HLF 100 4.90 4.77 4.33 4.24 
4.67 4.22 
4.73 4.16 
Table 56. (continued) 
288 
pH value N source ^ PH-H2O Average pH-CaCU Average 
_mgj^ 
HLF 200 4.50 4.35 4.23 4.06 
4.30 4.02 
4.25 3.94 
HLF 300 4.41 4.33 4.00 4.03 
4.30 4.17 
4.29 3.92 
HLF 400 4.30 4.32 3.96 3.93 
4.25 3.83 
4.40 4.00 
HLF 500 4.24 4.27 3.97 3.84 
4.20 3.81 
4.37 3.75 
DM 100 5.60 5.62 5.09 5.07 
5.72 5.13 
5.54 4.98 
DM 200 6.04 5.91 5.39 5.29 
5.81 5.22 
5.88 5.27 
DM 300 5.89 6.00 5.25 5.34 
6.03 5.41 
6.07 5.37 
DM 400 6.11 6.14 5.78 5.76 
6.13 5.67 
6.18 5.83 
DM 500 6.29 6.27 6.02 5.88 
6.30 5.85 
6.23 5.76 
SM 100 5.46 5.49 4.78 4.91 
5.40 4.88 
5.61 5.07 
SM 200 5.61 5.44 5.03 5.05 
5.31 4.95 
5.39 5.18 
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Table 56. (continued) 
pH value N source ^ pH-HoO Average pH-CaCl2 Average 
esJEL 
5 SM 300 5.64 5.51 5.36 5.19 
5.36 5.04 
5.53 5.16 
5 SM 400 5.60 5.64 4.91 5.03 
5.78 5.12 
5.54 5.07 
5 SM 500 5.90 5.96 5.37 5.40 
6.08 5.53 
5.89 5.29 
5 CM 100 5.42 5.48 4.95 4.92 
5.57 4.99 
5.46 4.81 
5 CM 200 5.57 5.64 5.06 5.16 
5.66 5.13 
5.69 5.29 
5 CM 300 5.70 5.82 5.25 5.38 
5.91 5.47 
5.84 5.41 
5 CM 400 6.13 6.00 5.63 5.50 
5.97 5.46 
5.91 5.40 
5 CM 500 6.24 6.14 5.75 5.69 
6.06 5.71 
6.11 5.60 
5 UAN 100 5.24 5.02 4.42 4.44 
4.86 4.33 
4.97 4.57 
5 UAN 200 4.75 4.89 4.27 4.30 
4.93 4.23 
5.00 4.41 
5 UAN 300 4.93 4.95 4.30 4.29 
4.86 4.21 
5.06 4.37 
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Table 56. (continued) 
pH value N source N rate 
jhJEE:! 
PH-H2O Average pH-CaCL Average 
UAN 400 4.80 
4.92 
4.95 
4.89 4.22 
4.20 
4.30 
4.24 
UAN 500 4.88 
4.82 
5.01 
4.90 4.14 
4.33 
4.28 
4.25 
control none 5.97 
5.90 
6.13 
6.00 5.39 
5.53 
5.61 
5.51 
SMB 100 5.95 
6.15 
5.89 
6.00 5.68 
5.81 
5.59 
5.69 
SMB 200 6.35 
6.05 
6.13 
6.18 5.93 
5.70 
5.89 
5.84 
SMB 300 5.54 
5.60 
5.85 
5.66 5.23 
5.45 
5.51 
5.40 
SMB 400 5.93 
5.75 
5.96 
5.88 5.44 
5.38 
5.69 
5.50 
SMB 500 5.89 
6.10 
5.94 
5.98 5.25 
5.45 
5.51 
5.40 
SS 100 5.81 
5.72 
6.04 
5.86 5.31 
5.47 
5.52 
5.43 
SS 200 5.73 
5.96 
5.80 
5.83 5.38 
5.49 
5.32 
5.40 
SS 300 d.o3 
5.59 
5.75 
5.62 5.07 
5.25 
5.10 
5.14 
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Table 56. (continued) 
pH value N source ^'^^te PH-H2O Average pH-CaCU Average 
mg kg" 
6 SS 400 5.59 5.66 5.10 5.20 
5.68 5.15 
5.72 5.34 
6 SS 500 5.49 5.56 5.14 5.21 
5.69 5.31 
5.50 5.17 
HSOM 100 5.73 5.88 5.53 5.48 
6.00 5.50 
5.91 5.42 
HSOM 200 5.59 
5.49 
5.28 
5.45 5.25 5.09 
5.05 
4.97 
HSOM 300 5.43 
5.14 
5.26 
5.28 4.91 4.81 
4.73 
4.80 
HSOM 400 4.98 4.88 4.67 4.52 
4.80 4.49 
4.85 4.41 
HSOM 500 4.86 4.97 4.60 4.62 
5.13 4.72 
4.92 4.55 
APF 100 5.98 5.79 5.47 5.39 
5.63 5.28 
5.77 5.41 
APF 200 5.50 5.41 4.88 4.75 
5.43 4.70 
5.29 4.66 
APF 300 5.16 5.01 4.64 4.62 
4.89 4.51 
4.98 4.72 
APF 400 5.34 5.11 4.77 4.60 
5.10 4.56 
4.90 4.47 
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Table 56. (continued) 
pH value N source ^ ^ pH-HoO Average pH-CaCU Average 
mg kg" 
APF 500 0.17 
4.98 
4.87 
5.01 4.75 
4.61 
4.59 
465 
HLF 100 5.72 
5.64 
5.48 
5.61 5.29 
0.3o 
5.12 
5.25 
HLF 200 5.17 
5.26 
5.00 
5.14 4.73 
4.89 
4.67 
4.76 
HLF 300 5.23 
5.15 
5.01 
5.13 4.73 
4.57 
4.53 
4.61 
HLF 400 4.80 
4.93 
4.75 
4.83 4.42 
4.27 
4.32 
4.34 
HLF 500 4.78 
4.62 
4.55 
4.65 4.33 
4.19 
4.23 
4.25 
DM 100 6.11 
6.39 
6.19 
6.23 5.51 
5.74 
5.67 
5.64 
DM 200 6.65 
6.47 
6.51 
6.54 6.02 
6.13 
5.97 
6.04 
DM 300 6.76 
6.65 
6.63 
6.68 6.19 
6.10 
6.05 
6 . 1 1  
DM 400 6.97 
6.68 
6.80 
6.82 6.49 
6.31 
6.21 
6.34 
DM 500 6.95 
6.93 
6.81 
6.90 6.51 
6.44 
6.55 
6.50 
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Table 56. (continued) 
pH value N source ^PH-H2O Average pH-CaCl2 Average 
mg kg' 
SM 100 6.55 
6.35 
6.31 
6.40 5.96 
5.81 
5.73 
5.83 
SM 200 6.52 
6.31 
6.00 
6.46 5.98 
6.07 
6.00 
6.02 
SM 300 6.45 
6.29 
6.41 
6.38 5.78 
5.96 
6.02 
5.92 
SM 400 6.12 
6.51 
6.38 
6.34 5.84 
6.11 
6.01 
5.99 
SM 500 6.31 
6.32 
6.43 
6.35 6.02 
5.86 
5.99 
5.96 
CM 100 6.35 
6.17 
6.42 
6.31 5.83 
5.61 
5.92 
5.79 
CM 200 6.58 
6.42 
6.44 
6.48 6.02 
5.94 
6.04 
6.00 
CM 300 6.42 
6.86 
6.51 
6.60 6.22 
6.35 
6.24 
6.27 
CM 400 6.56 
6.74 
6.59 
6.63 6.06 
6.41 
6.18 
6.22 
CM 500 6.78 
6.79 
6.87 
6.81 6.37 
6.12 
6.30 
6.26 
UAN 100 5.75 
5.95 
6.01 
5.90 5.12 
5.53 
5.41 
5.35 
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Table 56. (continued) 
pH value N source N rate 
mg kg '  
pH-HoO Average pH-CaCL Average 
UAN 200 5.50 
5.43 
5.67 
5.53 4.92 
4.83 
5.11 
4.95 
UAN 300 5.68 
5.49 
5.41 
5.53 5.30 
4.94 
4.87 
5.04 
UAN 400 5.58 
5.41 
5.56 
5.52 4.98 
5.05 
4.81 
4.95 
UAN 500 5.27 
5.50 
5.46 
5.41 4.73 
4.93 
5.02 
4.89 
control none 6.77 
7.23 
6.93 
6.98 6.54 
6.85 
6.60 
6.66 
SMB 100 7.01 
7.32 
7.23 
7.19 6.45 
6.65 
6.50 
6.53 
SIVIB 200 7.31 
7.15 
7.10 
7.19 6.75 
6.65 
6.45 
6.62 
SMB 300 7.11 
7.16 
7.35 
7.21 6.54 
6.58 
6.67 
6.60 
SMB 400 7.21 
7.04 
6.98 
7.08 6.65 
6.49 
6.45 
6.53 
SMB 500 6.70 
6.97 
6.89 
6.85 6.35 
6.54 
6.49 
6.46 
SS 100 7.25 
7.09 
7.10 
7.15 6.66 
6.53 
6.37 
6.52 
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Table 56. (continued) 
pH value N source ^PH-H2O Average pH-CaCl2 Average 
mg kg -1 
SS 200 6.89 7.03 6.55 6.66 
7.14 6.81 
7.07 6.61 
SS 300 6.98 6.92 6.65 6.56 
7.00 6.59 
6.79 6.45 
SS 400 6.90 6.87 6.48 6.41 
6.95 6.39 
6.75 6.35 
SS 500 6.77 6.81 6.38 6.40 
6.92 6.50 
6.73 6.31 
HSOM 100 7.11 7.14 6.70 6.61 
7.25 6.65 
7.06 6.49 
HSOM 200 6.75 6.87 6.10 6.26 
7.05 6.31 
6.81 6.37 
HSOM 300 6.96 6.75 6.46 6.40 
6.58 6.34 
6.70 6.39 
HSOM 400 6.68 6.72 6.45 6.37 
6.66 6.40 
6.81 6.25 
HSOM 500 6.50 6.62 6.15 6.32 
6.70 6.45 
6.65 6.37 
APF 100 7.08 7.14 6.57 6.61 
7.23 6.75 
7.10 6.50 
APF 200 6.56 6.79 6.38 6.50 
7.05 6.67 
6.75 6.46 
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Table 56. (continued) 
pH value N source ^ PH-H2O .Average pH-CaCU .Average 
mg kg'^ 
APF 300 6.84 6.81 6.51 6.38 
6.86 6.34 
6.72 6.29 
APF 400 6.83 6.68 6.51 6.36 
6.62 6.32 
6.60 6.25 
APF 500 6.78 6.64 6.51 6.31 
6.54 6.18 
6.60 6.25 
HLF 100 6.96 6.92 6.50 6.47 
7.05 6.57 
6.75 6.33 
HLF 200 6.79 6.77 6.35 6.40 
6.80 6.46 
6.71 6.39 
HLF 300 6.68 6.62 6.40 6.37 
6.74 6.48 
6.45 6.24 
HLF 400 6.51 6.35 6.17 6.00 
6.23 5.94 
6.31 5.89 
HLF 500 6.31 6.16 6.05 5.85 
6.07 5.71 
6.11 5.80 
DM 100 7.30 7.19 6.75 6.69 
7.01 6.61 
7.25 6.71 
DM 200 7.13 7.25 6.66 6.71 
7.29 6.85 
7.32 6.63 
DM 300 7.31 7.27 6.87 6.74 
7.36 6.71 
7.15 6.65 
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Table 56, (continued) 
pH value N source ^ PH-H2O Average pH-CaCL Average 
mg kg'^ 
DM 400 7.22 7.35 6.91 6.96 
7.46 7.12 
7.36 6.85 
DM 500 7.43 7.36 6.97 6.93 
7.25 6.80 
7.40 7.01 
SM 100 7.16 7.10 6.57 6.61 
7.15 6.70 
7.00 6.55 
SM 200 7.06 7.16 6.51 6.61 
7.31 6.74 
7.12 6.58 
SM 300 7.15 7.08 6.72 6.68 
7.00 6.61 
7.10 6.71 
SM 400 7.12 7.16 6.50 6.61 
7.22 6.64 
7.15 6.70 
SM 500 7.05 7.09 6.48 6.58 
6.98 6.53 
7.25 6.72 
CM 100 7.30 7.22 6.78 6.60 
7.26 6.56 
7.09 6.45 
CM 200 7.19 7.15 6.75 6.70 
7.00 6.55 
7.27 6.81 
CM 300 7.25 7.19 6.75 6.67 
7.23 6.72 
7.09 6.55 
CM 400 7.10 7.22 6.70 6.73 
7.16 6.61 
7.40 6.88 
Table 56. (contiiiued) 
298 
pH value N source ^ ^ PH-H2O Average pH-CaCU Average 
•^g kg 
CM 500 7.35 7.22 6.80 6.73 
7.05 6.63 
7.25 6.76 
UAN 100 7.23 7.12 6.67 6.64 
7.17 6.70 
6.96 6.55 
UAN 200 6.87 6.83 6.64 6.60 
6.73 6-45 
6.90 6.71 
UAN 300 6.91 6.96 6.40 6.51 
6.93 6.55 
7.05 6.59 
UAN 400 6.85 6.81 6.53 6.48 
6.65 6.29 
6.94 6.62 
UAN 500 6.77 6.80 6.56 6.51 
6.91 6.63 
6.71 6.35 
Table 57. Dry matter yield, yield of N, P,and K content of first cutting ryegras produced under 
different pH values. 
N ral o ing Dry mat I or Avorngo 
pH value N aourco kg' (g) (g) %N 
Yield ofN 
(mg) 
Average 
(nig) % P %K 
control none 3.93 
3.(59 
'1.50 
4.04 1.30 
1.25 
1.19 
51.3 
46,1 
53. () 
50.3 0.424 
0.410 
0.431 
3.90 
4.00 
3.82 
SMB 100 4.13 
4.75 
5.0() 
4.05 1.19 
1.40 
1.43 
49.2 
6(),3 
72.2 
(52.6 0.321 
0.307 
0.340 
3.(58 
3.59 
3.89 
SMB 
SMB 
200 
300 
4.48 
5.11 
5.19 
7.0(5 
7.09 
(5.55 
4,93 
(5.90 
1,64 
1.53 
1.54 
1,94 
1,81 
3.07 
73.6 
78.0 
80.0 
137 
128 
201 
77.2 
155 
0.395 
0.418 
0.388 
0.430 
0.429 
0,454 
4.64 
5,26 
4.81 
2.40 
2.64 
2.43 
CD 
CD 
SMB 400 5.86 
5.84 
6.81 
6,17 1.80 
2,87 
3.01 
105 
1(58 
205 
159 0.499 
0.489 
0.530 
3.62 
3.87 
3.69 
SMB 500 6,54 
7.03 
6,18 
6,58 4,56 
3,37 
3,45 
298 
237 
213 
24f) 0,410 
0,386 
0,418 
3,20 
3,16 
3.43 
SS 100 5.81 
4,84 
5,21 
5.29 1.46 
1.39 
1.83 
84.8 
67.4 
95,2 
82,5 0,479 
0.456 
0.466 
4,02 
4,00 
4.06 
SS 200 6,39 
7.08 
5 63 
6,37 2,26 
1.87 
3.57 
144 
132 
201 
159 0.585 
0.594 
0.566 
4.36 
4.07 
4.61 
Table 57. (continued) 
N rate mg Dry matter Avorago 
pll value N aource kg ' (g) (g) 
SS 300 6,77 7.00 
8.54 
5,70 
SS 400 8,17 8,12 
8.64 
7.55 
SS 500 7.10 8.03 
8.95 
8.05 
HSOM 100 4.01 4.41 
5,02 
4.21 
HSOM 200 3,32 3.5G 
4.79 
2.57 
HSOM 300 4.15 4.37 
5.49 
3.46 
HSOM 400 2.36 4.4(5 
5.35 
5.67 
HSOM 500 5.62 5,52 
5.22 
5.72 
Yield of N Avorago 
% N (mg) (mg) % K 
2,(55 180 196 0,535 4,10 
2.44 209 0.518 4,19 
3.48 198 0.543 4,01 
3,77 3 0 8 3 19 0.(56 1 4.27 
3,84 332 0.650 3.99 
4.21 318 0.(572 4.42 
4.04 287 313 0.640 4.88 
3.3 1 29 6 0.(525 4.58 
4.42 356 0.651 5.00 
1.41 56.5 55,0 0,372 3,64 
1.17 58,9 0.376 3.51 
1.18 49.8 0.378 3,61 
1.40 46,6 52,1 0,403 3.(53 
1.23 58.9 0.380 3.80 
1.97 50.7 0.398 3.67 
1.41 58.5 61.3 0.361 3.48 
1.27 69,8 0.362 3.41 
1,61 55,5 0.354 3.77 
1.82 42.!) 66.4 0.3!)7 3,27 
1.41 75,4 0.371 3.32 
1.42 80.7 0.402 3.30 
1.50 84.1 83.5 0.425 3.73 
1,59 82.8 0.433 3.53 
1.46 83.5 () 4()0 4 ()!) 
Table 57, (continued) 
N rato mg Dry mnllor Avorago 
pH value N source kg ' (g) (g) 
APF KK) 4,59 n.f)!) 
5.74 
6,45 
APF 200 «,66 7,57 
8,17 
7,89 
APF 300 6,85 6,92 
8,89 
5,02 
APF 400 7,36 8.00 
7,93 
8.70 
APF 500 8.12 7,59 
7.91 
6.75 
HLF 100 4.85 4.57 
5.12 
3.75 
HLF 200 6.62 7.47 
8.27 
7.51 
HLF 300 6.99 6.16 
6.55 
4.93 
Yiold of N Average 
% N (tng) (ing) % P % K 
2.15 98.9 105 0.421 4.34 
1.98 114 0.390 4.22 
1.59 102 0.396 4.40 
2.96 197 189 0.348 3.48 
2.13 174 0.355 3,36 
2.47 195 0,336 3,63 
3,74 256 252 0,289 3.58 
3.32 296 0.310 3.51 
4,06 204 0.283 3.45 
4.20 309 321 0.376 3.93 
4.13 328 0.354 4.21 
3.73 325 0.384 4.04 
3.94 320 298 0.292 4.26 
3.80 301 0.298 4.10 
4.05 273 0.272 4.47 
2.35 114 106 0.402 3.04 
1.95 100 0.419 3.00 
2.79 105 0.389 3,01 
3.99 264 213 0.298 3,27 
2.27 187 0.270 3.17 
2,49 187 0.302 3.56 
3,35 234 234 0,385 3.00 
3.28 215 0,407 3,22 
5,12 252 0,384 3,08 
Table 57, (continued) 
N rate n\g Dry mat tor Avorago 
pH value N source kg"' (g) (g) 
5 HLF dOO 5.98 7,47 
8,54 
7,8!) 
5 MLF 500 7,03 7,62 
8,38 
7,45 
5 DM 100 3.62 4,57 
4.!)6 
5,13 
5 DM 200 5.26 4,58 
3.61 
4.88 
5 DM 300 5,60 5,23 
5,11 
4,fl!) 
5 DM 400 4,83 5,16 
5.73 
4.!)2 
5 DM 500 5.28 4.75 
4.21 
4.75 
5 SM 100 4.13 4.62 
5.77 
3.!)7 
Yield of N Average 
% N (mg) Qng) %P % K 
4.08 244 280 0.38!) 2.88 
3.61 308 0.40!) 2.75 
3.64 287 0.376 3.14 
4.30 302 306 0.317 2.85 
3.73 313 0.303 2.54 
4.08 304 0.327 3.05 
1.61 58.2 56.8 0.415 3.7!) 
l.I!) 58,8 0,402 4,0!) 
1.04 53.5 0.422 3.87 
1.22 64.3 63.3 0.425 4.04 
1.63 58.7 0.415 4.23 
1.37 66.!) 0.432 4.38 
2.03 113 12!) 0.433 4.08 
1.24 63.4 0.430 4.12 
4.20 209 0.45!) 4.02 
1.71 82.7 86.4 0.453 4.31 
1.61 !)2.5 0.430 4.10 
1.71 84.1 0.470 4.28 
l.!)8 105 87,7 0,546 5,13 
1.54 64.7 0.558 4.95 
1.98 !)4.0 0.544 5.48 
1.55 64,2 70.2 0.423 3.64 
1.31 75.7 0.614 3.66 
179 70,9 0.3!)4 3.70 
Table 57, (continued) 
N rate mg Dry matter Average 
pH value N source kg ' (g) (g) 
5 SM 200 5.21 4.80 
4.83 
4.36 
5 SM 300 6,19 5.93 
5.21 
6.40 
5 SM 400 5,13 5,36 
5,99 
4,97 
5 SM 500 6,54 6,62 
7.37 
5.94 
5 CM 100 5.98 6.11 
6.41 
5.94 
5 CM 200 4.83 6.18 
6,76 
6.94 
5 CM 300 6.20 (5.31 
6.83 
5.90 
5 CM 400 7.81 7.46 
7.76 
6.81 
Yield of N Averages 
% N (mg) (mg) % K 
2.01 105 116 0,492 4.04 
3,27 158 0.476 4.30 
1,98 86,2 0,498 3,99 
1.80 111 102 0,626 4.22 
2.04 106 0.594 4.08 
1,40 89,3 0,624 4.45 
2.59 133 128 0.574 4,32 
1,85 111 0,557 4,51 
2.83 141 0.596 4.24 
2.33 152 185 0.683 4.94 
2.03 150 0.730 5.34 
4.24 252 0.693 5.07 
2.71 162 115 0.456 4.19 
1.59 102 0.443 4.20 
1.38 82.2 0.471 4,17 
2,85 137 131 0,419 4.03 
2.02 136 0.429 4.04 
1.70 118 0.404 3.94 
2.53 157 168 0.505 4.71 
2.30 157 0.481 4.82 
3.21 190 0,509 4.90 
2.84 222 220 0.601 4.47 
2 35 183 0.581 4 18 
3.74 255 0.601 I.(i5 
Table 57. (continued) 
CM 
N rate mg Dry mat (er Aviirages 
pH value N aourcB kg' 
500 
(g) 
7.13 
9.64 
().3r) 
(g) 
7.71 
UAN 100 6.12 
fi.89 
4.81 
5.61 
UAN 200 7.42 
5.08 
7.83 
6.78 
UAN 300 6.90 
6.06 
7.49 
6.82 
UAN 400 6.79 
7.69 
7.23 
7.24 
UAN 500 7.70 
6.16 
6.94 
6.93 
(;on(rol none 3.52 
4.47 
3.71 
3.90 
SMH 100 3.92 
4,21 
3.97 
4.03 
Yield of N Avorago 
% N (nig) (mg) %P % K 
3.22 230 265 0.479 5.56 
2.76 266 0.472 5,77 
4.71 299 0.508 6.03 
2,12 130 124 0,479 3.68 
2.04 120 0,512 3,73 
2,52 121 0,471 3.71 
2.57 191 190 0.477 2.92 
3.59 182 0.524 2.89 
2.51 196 0.466 3.21 
4.81 332 277 0,264 3,46 
3.99 242 0.268 3.39 
3.45 258 0,240 3.81 
4.48 304 347 0,357 2.(56 
4.36 335 0,381 2.88 
5.54 401 0,361 2,49 
4.96 382 371 0,359 2,36 
5.55 342 0,353 2,84 
5,62 390 0,369 2.22 
1.37 48,1 50.2 0,400 2.88 
1,04 46,5 0,380 2.90 
1,51 55.9 0.415 2.73 
1,37 53,8 56.4 0.122 4.18 
1.08 45.6 0,3!) 1 4,19 
1.76 69,9 0 429 4.47 
Table 57. (continued) 
N rato mg Dry niattc.r Av(!raR« 
pH value N aourco kg ' (g) (g) 
6 SMB 200 5.84 5.58 
5.89 
5.00 
6 SMH 300 7.04 7.07 
7.51 
6.(55 
() SMB 400 5.93 (5.28 
6.47 
6.45 
6 SMB 500 6,71 7.23 
7.75 
7.24 
6 SS 100 3.89 4.86 
5.89 
4.81 
G SS 200 6.07 5.58 
6.15 
4.51 
6 SS 300 7.66 7.05 
7.53 
5.97 
SS 4w0 7.09 7.61 
8.87 
6.87 
Yield of N Average 
% N (mg) (ing) %V % K 
1.33 77.5 77.9 0,404 3.60 
1.18 69.5 0,374 3.74 
1.74 86.8 0.418 3.52 
2.36 166 121 0.491 4.95 
1.44 108 0.497 4.78 
1.33 88.3 0.478 5.22 
3.42 203 156 0.526 3.98 
2.32 150 0.560 4,14 
1.78 115 0.506 4,07 
2.23 150 211 0,457 3,93 
2,53 196 0,470 3,76 
3,96 287 0,490 3,80 
1,28 49,8 76,9 0,370 3,35 
1.30 76.6 0,377 3.64 
2.17 104 0,349 3,30 
1,66 101 115 0.453 4,33 
1,87 115 0.450 4.14 
2.85 129 0,177 4.63 
2.09 160 161 0,591 4,21 
1.83 138 0.582 4.06 
3.10 185 0.606 4.48 
3,00 212 249 0 r)8(i 5,50 
2.57 228 0 566 5.61 
4.48 308 (KiOi 5 89 
Table 57, (continued) 
N rate nig Dry nintler Average 
1)H value N source kg"' (g) (g) 
SS 500 8,43 8.24 
6,95 
9,33 
HSOM 100 4,47 4,11 
4,69 
3,17 
HSOM 200 2,25 3,(50 
4,44 
4,10 
HSOM 300 5,72 4,74 
5.19 
3,32 
HSOM 400 4.01 4,26 
5,57 
3.20 
HSOM 500 5,11 4,98 
5,59 
4,24 
AI'F 100 5.32 6,23 
6,87 
6,51 
Al'F 200 6,27 6,77 
8,36 
5,68 
Yield of N Average 
% N (mg) (ing) %P % K 
2,77 233 240 0,676 4.56 
3,49 243 0.706 4.44 
2.62 245 0.670 4.91 
1.13 50.6 50.7 0.351 3.33 
1.01 47.6 0.356 3.15 
1.70 53.9 0.334 3.64 
1.26 28.4 48.8 0.343 3,02 
1.49 66,2 0.364 2.96 
1.26 51.8 0.336 3.31 
1.27 72.5 60,8 0,457 3,60 
1.06 55.2 0,430 3,42 
1,65 54,6 0,467 3,89 
1,31 52,4 57,7 0.388 3.36 
1.15 64,1 0,369 3,20 
1.76 56,5 0,402 3,51 
1,29 66,1 80,3 0,429 4,06 
1,52 84.8 0.409 4,02 
2,13 90.1 0.440 4,22 
1.62 86,2 106 0.43(i 3,98 
1.76 121 0.458 3.97 
1,73 112 0,421 4.19 
2.50 157 170 0.397 3,73 
2.07 173 0 388 3.82 
3,18 181 0 411 3 57 
Table 57, (continued) 
N nUo mg Drymallor Avorngo 
pH value. N source kg ' (g) (g) 
APP 300 7.88 7.72 
7,21 
8.07 
APP 400 G.Sr) 7,55 
7.32 
8.77 
APF 500 8,24 8.54 
7.33 
10,04 
MLF 100 3,61 4,34 
5,1!) 
4,21 
HLF 200 6,98 7.48 
8,69 
6.78 
HLF 300 6,24 6.80 
8.86 
5.30 
HLF 400 6.66 7.09 
7.39 
7,21 
MLF 500 6,73 7.47 
8.14 
7,53 
Yield of N Average 
% N (ing) (ing) %P % K 
2.99 236 243 0,410 3,09 
3.48 251 0,434 3,16 
3,02 244 0,384 3,04 
4,10 269 308 0.360 3.67 
4.67 342 0.347 3,98 
3,58 314 0.386 3.60 
4.29 353 349 0.459 4.11 
4.29 314 0.491 4.22 
3.77 378 0.435 2.78 
2.09 75.3 92,9 0,417 3.39 
2,00 104 0.440 3.55 
2.36 99.5 0,396 3,35 
2,41 168 203 0,449 3,46 
1.92 167 0.472 3,49 
4.06 275 0.439 3.82 
3,39 212 229 0.475 4,20 
2,57 228 0.48!) 4.37 
4.69 249 0.450 4.01 
4.21 280 2!)7 0.406 3.23 
3.71 274 0.380 3.4!) 
1.66 336 0.426 3.10 
1.76 321 323 0.505 3.03 
4,02 327 0.525 2.80 
4.27 322 0.475 3,21 
Table 57. (continued) 
N rate mg Dry mailer Average 
pM value N source kg ' (g) (g) 
6 DM 100 4.2,') 113 
4.09 
4.06 
6 DM 200 4.50 4.83 
4.()() 
5.32 
6 DM 300 4.00 4.70 
4.71 
5.33 
6 DM 400 5.(51 5.41) 
5.95 
4.83 
6 DM 500 5.07 4.89 
4.72 
4.89 
(5 SM 100 3.3(5 4.35 
5.11 
4.59 
6 8M 200 5.09 5.(50 
6.00 
5,70 
SM 300 5,46 5.80 
6.83 
5.12 
Yield of N Average 
% N (nig) (mg) %P ^ 
1.08 46.1 48.6 0,383 3,07 
1,12 45,7 0,351 3,33 
1,33 54,0 0.401 2.99 
1.97 88.6 66.7 0.454 3.60 
1.12 52.4 0.487 3.70 
1.11 59.2 0.465 3,44 
1,17 4 7,5 (54,0 0.4 2 2 3,71 
1,10 51,6 0.445 3,(50 
1,74 93,0 0,413 4,06 
1.73 97.2 88.5 0.468 3.70 
1.43 84.9 0.439 3.81 
1.73 83.3 0.507 3.61 
2.33 118 78.9 0.493 3.78 
1.09 51.6 0.472 4.21 
1.37 67.1 0.517 3.79 
1.50 50.6 59.9 0,470 3.49 
1.33 (57.7 0.495 3.74 
1.34 61.5 0,427 3.(50 
1.(57 85.2 1 14 0,50 4 4.35 
1.45 87.1 0,481 4.14 
2.98 170 0,518 4.48 
1.52 82.9 78.7 0.570 4.43 
1.35 92.3 0 587 4.57 
1,19 61,0 0 573 4.50 
Table 57. (continued) 
N rate mg Drymador Avoragu 
pH value N source kg ' (g) (g) 
6 SM 400 5,59 5,71 
6,12 
5,42 
6 SM 500 5.77 
(5,98 
(5,23 
6 CM 100 4,99 5,10 
4,(5(5 
5.(55 
() C.M 200 (5,15 0,44 
(5.93 
(5,24 
6 CM 300 (5,49 7,04 
(5,78 
7,8(5 
(5 CM 400 7.03 7.37 
7.37 
7.72 
6 CM 500 (5.07 7,(50 
9.40 
7.33 
(5 UAN 100 5.18 5,91 
(5,29 
(5.27 
Yiold of N Average 
% N (mg) (mg) % K 
1.74 97.1 104 0.535 4.57 
2.10 129 0,532 4.99 
1.59 8(5.4 0.580 4.84 
1.93 111 137 0,4(58 3,28 
1.(50 112 0.4 9 8 3.2(5 
3.02 188 0.448 2.89 
1.92 95.(5 78.7 0.408 4.02 
1.38 64.2 0.398 4,45 
1.35 7(5.3 0.428 4.04 
3.01 185 135 0.454 4.15 
1.(57 1 1(5 0.470 4.50 
1.(56 1 04 0.4 2 9 4.28 
2.05 133 146 0,544 4,97 
2,41 163 0.577 4,85 
1,82 143 0,572 5,50 
4,19 2 9 4 2(58 0,52 7 5,28 
4,37 322 0,508 5,41 
2,44 188 0,470 5,32 
3,92 238 221 0.597 5,31 
2.3 4 2 2 0 0,(528 5,56 
2.79 204 0.551 5,31 
2,24 116 123 0 516 4,12 
1.96 123 0 511 4,05 
206 129 0 512 4,56 
Table 57. (continued) 
UAN 
N ra(o ing Dry mnl(iir Avorago 
pii value N sourcc kg" 
200 
(K) 
().7'l 
8.02 
7,8« 
(g) 
lSv\ 
UAN 300 6.58 
7.7() 
5.93 
«.7(i 
UAN 400 7.81 
8.07 
7.14 
7.()7 
UAN 500 7.91 
9.54 
7.67 
8.37 
control none 4.19 
4.17 
3.83 
4.06 
SMB 100 4.10 
4.20 
3,87 
4.()() 
SMB 200 6.33 
5.43 
5.76 
5.84 
SMB 300 4.93 
4.76 
5.54 
5.08 
Yield of N Average 
% N (ing) (ing) %P % K 
2.93 198 200 0.429 2.96 
2.54 204 0.415 2.76 
2.53 199 0.460 3.21 
4.17 275 276 0.535 3,59 
3.96 307 0.4!)7 3.74 
4,17 247 0.542 3.42 
4.92 384 352 0.394 3,25 
3,96 320 0.403 3.13 
4.94 353 0.372 3.46 
4.44 351 375 0.406 2.63 
4,13 394 0.378 2,50 
4.93 378 0.418 2,87 
1,17 48.9 49.6 0.360 2.71 
1.24 51,9 0.343 2,72 
1.25 47.9 0.377 3.02 
2.33 95.4 106 0,493 3.58 
1.53 64.1 0.504 3,84 
4.08 158 0.467 3.47 
1.49 94.3 102 0.490 3.64 
1.54 83.9 0.472 3.66 
2.24 129 0.522 3.65 
2.20 108 105 0,517 3.94 
2,13 101 0,548 3.74 
1.92 106 0 186 4,05 
Table 57. (continued) 
Nrate mg Drymaltor AvoraKo 
pH value N sourco kg ' (g) (g) 
SMB 400 4.94 r),r)l 
5.08 
G.51 
SMB 500 5.01 (5,09 
(i.21 
7.04 
SS 100 4.90 4.r)() 
4.04 
4.13 
SS 200 4.(51 4.79 
5.50 
4.2(5 
SS 300 (5.(59 7.59 
8.29 
7,79 
SS 400 (5,91 7,50 
7,78 
7.82 
SS 500 8.21 8.43 
8.5(5 
8.52 
MSOM 100 3.83 4.00 
4.95 
3,22 
YiolilofN Avoragi! 
% N (mg) (mg) %P % K 
1,7(5 8(5,9 84.3 0,5(50 4.04 
1.55 78,7 0,532 4,34 
1.34 87,2 0,578 4.1(5 
1.79 89.9 115 0,5(54 4,47 
2.11 131 0,554 4,23 
1.75 123 0.534 4.70 
1.51 74.0 9(5.0 0.418 3.93 
1.8(5 8(5.5 0.409 4.25 
3.09 127 0.443 3.98 
1.(55 7().l 119.0 0.411 4.27 
2.53 139 0.439 4.18 
3.33 142 0.392 4.72 
2.2(5 151 217 0.(522 5.09 
1.84 1 53 0.(50 1 5.00 
4.45 347 0.043 5.59 
4,48 309 242 0.555 4.85 
2,(54 20(5 0.53 2 5.13 
2.(59 2 1 0 0,50 1 4,81 
2,70 222 217 0.(507 4.43 
2.32 1 98 0.(585 4.40 
2.7 2 2 3 2 0.(53 9 4.(58 
1,(50 01.1 50.(5 0,447 3.01 
1.10 54.2 0,457 3.40 
1.(59 5 4.4 0 4 3 0 3,79 
Table 57. (continued) 
N rale nig Dry mailer Average 
pH value N source kg ' (g) (g) 
HSOM 200 2.B9 3.45 
5.03 
2.(52 
HSOM 300 4.33 3.52 
4.03 
2.19 
HSOM 400 2.35 4.39 
5.31 
5.50 
IISOM 500 3.82 3.48 
3.75 
2.8(5 
APF 100 5.9(5 (5.57 
6.(51 
7.14 
APF 200 7.64 7.97 
7.75 
8.53 
Al'P 300 5.61 7.62 
9.29 
7.95 
AI'P 400 7.51 7.41 
6.97 
7.74 
Yield of N Average 
% N (mg) (iiig) %P % K 
1.81 48.6 55.4 0.371 3.30 
1.29 G5.0 0.376 3,58 
2.01 52.7 0.355 3.14 
1.37 59.2 57.1 0.458 3.76 
1.33 53.8 0.478 3.92 
2.67 58.4 0.441 3,54 
2.35 55,2 60.2 0.505 3.59 
1.19 63.0 0,528 3.35 
1.14 62.4 0.484 3,96 
1,70 64.8 (53.9 0,5(52 4,53 
1,73 64.8 0.545 4.33 
2.18 62.2 0,576 4,86 
1,86 111 120 0,433 4,04 
1,96 130 0,423 4,11 
1,(57 119 0,4 4 6 3,97 
2,26 172 187 0,434 4,10 
2.70 209 0.460 4,22 
2,12 181 0,424 4,28 
3.71 208 273 0.305 3.10 
2.73 254 0.317 2.92 
4.50 358 0.284 3.32 
4.25 319 306 0,470 4.55 
4,67 325 0.502 4 46 
3.55 275 0,443 4.88 
Table 57. (continued) 
N rato nig Dry niall«)r Average 
pH value N source kg ' (g) (g) 
7 APF 500 8.32 8.39 
8.9-1 
7.91 
7 HLF 100 5.00 .1.71 
5.05 
4.01 
7 HLF 200 0.12 5.37 
4.94 
5.05 
7 HLF 300 7.54 0.91 
6.96 
6.22 
7 HLF 400 6.70 7.62 
7.97 
8.18 
7 HLF 500 8.68 8,66 
8.73 
8,58 
7 DM 100 3,79 3,83 
3,60 
4,10 
7 DM 200 4.36 3.84 
3,47 
3,68 
Yield of N Average 
%  N  ( m g )  ( m g )  % V  ^  
4,95 412 361 0,565 4.70 
3.76 336 0.541 4.46 
4.25 336 0.584 4.98 
2,22 113 111,3 0,416 3,41 
1,89 95,5 0,439 3,70 
3,14 125,9 0,390 3,32 
2,55 156 168 0,505 3,88 
3,25 160 0,525 4,14 
3,74 189 0,481 3,74 
2.38 180 224 0,474 3,25 
3.83 267 0.458 3.03 
3.64 227 0.468 3.48 
4.20 281 291 0.541 3.32 
3.50 279 0.526 3.40 
3,82 312 0.560 3.21 
3.45 299 338 0.504 2.97 
4,02 351 0,494 2.86 
4,22 362 0,535 3,34 
1.53 58.1 54.3 0.430 3,52 
1.39 50,0 0,443 3,44 
1,34 54.8 0.401 3,74 
1.62 70.5 52.8 0.113 3.40 
1.15 40.0 0.387 3.56 
1.30 48,0 0 425 3.29 
Table 57. (continued) 
N rate mg Dry matter Averagii 
pH value N source kg ' (g) (g) 
7 DM 300 4.82 4.4(5 
4.40 
4.09 
7 DM 400 4.09 4.14 
3.95 
4.37 
7 DM 500 5.12 4,53 
4.41 
4.06 
7 SM 100 3.95 3.8() 
4.09 
3.54 
7 SM 200 4.35 5.19 
5.91 
5.30 
7 SM 300 (>.70 5,91 
5.18 
5.8() 
7 SM 400 4.83 5,02 
5.97 
6.05 
7 SM 500 6.39 6,17 
6.71 
5,40 
Yield of N Average 
% N (mg) (mg) %P % K 
1.19 57.4 53.7 0.419 3,27 
1.08 48.3 0.451 3.10 
1,35 55.3 0.409 3,56 
1.13 46.3 61.0 0.423 3.48 
1.42 56.1 0,384 3.57 
1.85 80.7 0,430 3.34 
1.42 72.8 58.2 0,484 3.83 
1.18 51.9 0,505 4.01 
1.23 49.9 0.467 3.84 
1.47 57.9 50.4 0.521 2.59 
1.07 43.6 0,543 2.75 
1.41 49.8 0,497 2,45 
1.31 57,0 84.2 0.525 3.73 
1.49 88.1 0,546 3.65 
2.03 108 0,512 3.85 
1.47 98.2 97,5 0.508 3.37 
1,34 69.3 0.534 3.43 
2,13 125 0,479 3,59 
1,58 76.4 95,0 0.536 4.17 
1.94 116 0,553 4.31 
1.54 93.0 0,504 3,99 
2.89 185 118 0,511 3.75 
1.46 98,:i 0 524 3,95 
1.32 71,5 0 550 3.66 
Table 57. (continued) 
N rate mg Drymallor Average 
pH value N source kg ' (g) (g) 
7 CM 100 4.59 5.23 
(5.14 
4.97 
7 CM 200 (5.55 5.i)4 
5.54 
5.73 
7 CM 300 (5.27 ().31 
(5.77 
5.90 
7 CM 400 (5.74 7.21 
7.78 
7.12 
7 CM 500 (5.59 7.08 
7.25 
7.41 
7 UAN 100 4.18 4.40 
5.41 
3.(52 
7 UAN 20 0 5.(53 (>,45 
(5.(57 
7.05 
7 UAN 300 (5.18 (i.5(5 
(5.45 
7.05 
Yield of N Average 
% N (mg) (mg) %P % K 
1.7(5 80.(5 79.3 0.4(58 4.27 
1.37 84.0 0.495 4.55 
1.48 73,4 0.454 4.1(5 
1.48 97.2 105 0.4(52 3.80 
1.54 85.3 0.432 4.11 
2.31 132 0.47(5 3.72 
1.(50 101 143 ().4(;4 4.(53 
1.88 128 0.471 5.04 
3.40 201 0.492 4.72 
1.88 127 127 0.498 4.82 
1.79 139 0.515 4.71 
1.(50 114 0.4(55 5.09 
2.89 191 1(59 0.599 5.33 
2.(52 190 0.575 5.72 
1.70 126 0.()()0 5.25 
2.59 108 112 0.478 3.39 
2.19 1 19 0.472 3.(50 
3.00 109 0.454 3.34 
2.99 1(59 1 7(5 0.4 1 9 3.32 
2,53 1(59 0,39 3 3.23 
2.72 192 0,433 3.5(5 
4.50 278 25(5 0,4(i2 3.51 
3.7(5 242 0 13(1 3.54 
3,.53 249 0 171 3,33 
Table 57. (continued) 
N rato nig Dry maltor Averngo Yiold of N Average 
pH value N source kg ' (g) (g) % N (mg) (mg) %_P % K 
7 UAN 400 ^.35 7.51 .1.5!) 246 307 0.3iH) 3,07 
7.91 4,11 325 0,3()3 3,03 
9.28 3.78 351 0.403 3.24 
7 UAN 500 7.39 7.74 4.58 339 345 0.373 2.')(> 
7.73 4.44 343 0.34() 3.00 
8,09 4.36 352 0.379 2.83 
CO 
Table 58. Dry mat t er yiold, yield of N, P,and K cont ent, of t he second cut ting ryegrass produced under 
different, pH values 
N rale 
pH value N source nig kg ' 
dry mat ter Averngo 
(g) (g) 
Yield of N Average 
% N (mg) (ing) %P % K 
control none 1.15 
1.54 
1.45 
1.38 0.86 
().82 
().(;6 
9.92 
12.7 
9.G1 
10.7 0.480 
0.507 
0.:i()l 
:i27 
4.04 
M.4:i 
SMB 100 1.09 
1.80 
1.73 
1.54 0.82 
0.88 
0.94 
8.98 
15.9 
1().2 
13.7 0.358 
0.413 
0.430 
3.()4 
3.24 
3,7() 
SMB 200 1.14 
1.81 
1.80 
1.58 0.88 
0.94 
0.93 
10.0 
17.1 
16.8 
14.6 0.400 
0.462 
0.359 
5.25 
5.(i7 
4.31 
SMB 300 2.08 
2.16 
3.04 
2.43 0.97 
1.29 
1,23 
20,1 
28.0 
37.3 
28.5 0,506 
0,434 
0,395 
1.79 
2,10 
2,60 
SMB 400 2,27 
2.04 
1,72 
2,01 1,37 
1.40 
1.48 
31,1 
28.5 
25.5 
28,3 0,521 
0,592 
0,632 
4,22 
4,01 
3,09 
SMB 500 3,55 
2,05 
2.93 
2,84 2,12 
2,83 
2.03 
75,1 
58,0 
59,5 
64,2 0,424 
0,448 
0.3{)6 
2.85 
3 46 
3 13 
SS 100 2.17 
1,72 
1,35 
1,75 0.85 
0,81 
0 !)6 
18.5 
13.9 
13.0 
15,1 0,578 
0.454 
0.533 
3.90 
3 95 
4.14 
Table 58, (continued) 
N rate dry mat tor Avorago 
pH value N sourco mg kg ' (g) (g) 
SS 200 2,32 2,28 
1.94 
2,57 
SS 300 1,97 2.3r) 
2.39 
2,(>8 
SS 400 3,08 2,97 
2,38 
3,44 
SS 500 2.(55 2.78 
1,88 
3,81 
HSOM 100 1,43 1.31 
1.49 
1,02 
HSOM 200 0,80 1.50 
1,G8 
2.01 
IISOM 300 1,()3 1.51 
1,51 
1.40 
HSOM 400 1.4() 1 55 
l.(i7 
1 53 
Yiold of N Avorago 
% N (mg) (nig) % i< 
1,02 23,6 23,9 0,4()3 3,84 
1.04 20.1 0.588 4,(59 
1,09 28,1 0.544 3,70 
1,73 34,0 38,(5 0.555 4,24 
1,32 31,5 0.518 4,19 
1,87 50,2 0,535 4,29 
2,21 68.0 67.6 0.726 3,78 
1.87 44,6 0.685 5,26 
2,(52 90,2 0,727 4,16 
2,36 62,6 63.3 0.659 4,44 
1,78 33,5 0,724 4.(58 
2.46 93.8 0,(560 4,(52 
0,78 11,1 10,6 0.391 4,06 
0.(58 10,1 0.361 3,17 
1.05 10,7 0,354 2.94 
0.98 7,87 IM.f) 0.475 3.72 
0.93 15.6 0.338 4.01 
0.85 17.1 0.452 2.97 
0.78 12.8 13.2 0.470 4.15 
0.95 14,4 0.382 3.51 
0 89 12,4 0.2;)() 4.44 
11)0 14.(5 16.4 0 4 12 2.72 
1.13 18.8 0 347 3i)9 
1.02 15.6 0 480 3,4(i 
Tabl(5 58. (continued) 
N rnIo 
pH value N source nig kg ' 
5 HSOM 500 
5 APF 100 
5 APF 200 
APF 300 
APF 'lOO 
5 APF 500 
5 HLF 100 
HLF 200 
dry matter Average 
is) (M) ^ 
1 .(ii) 1.83 0,85 
2.02 0,89 
1,79 1.05 
1,81 1,91 0.94 
1.58 0.99 
2.35 0,85 
2,19 2,43 1,34 
2,()8 1,08 
2 41 1,21 
2.41 2.98 1,80 
3.17 1.39 
3.37 2.40 
3,07 2,89 3,81 
2.85 3,76 
2,7() 2.57 
3.23 3,05 3.74 
2,(54 3.84 
3,29 3.81 
1,50 1.89 1.1(5 
1,91 1,05 
2,25 0.92 
3.09 2,()0 l.dl 
2.72 1.08 
1.99 1.11 
Yielii of N Averafje 
(mg) (mg) %_P % K 
14.3 17,0 0,439 3.1(5 
18.0 0,492 3,92 
18.7 0.344 3,58 
17,0 17,5 0,479 5,42 
15.(5 0.33(i 5.02 
19.9 0,494 4,12 
29.2 29,1 0,2(59 3,50 
28,9 0,341 3,43 
29.3 0,315 4,19 
W 
43,5 5(5,1 0,240 4,34 ^ 
43.9 0.224 3.58 
80.8 0.2(55 2,80 
117 98,3 0,393 4,85 
107 0,370 4,18 
70.9 0,280 3,95 
121 110 0,308 3,(57 
101 0,293 4,37 
125 0,32!) 4,11 
17,4 19,3 0,313 3,5(5 
200 0,394 2,02 
20 7 0.433 3.42 
49 8 33.8 0 224 4.47 
29 5 0,203 3 5(1 
22 () 0 3(5(5 3 1! 
Table 58. (continued) 
N raid dry mallor Averago 
pH value N source mg kfi ' Oj) (g) 
5 HLF 300 J.(13 2.25 
2.22 
2.no 
5 HLF 400 2.27 2.48 
2.(51 
2.5(i 
5 HLF 500 1.90 2,22 
2.55 
2 .21  
5 DM 100 1.41 1.57 
1.5() 
1.74 
5 DM 200 l.ni 1.64 
1.54 
1.7(> 
5 DM 300 2.23 1.98 
1.59 
2.13 
5 DM 400 1.75 2 ()8 
214 
2.35 
DM 500 2()7 1.84 
1.25 
2 21 
YioldofN Avonifjo 
% N (mg) (mg) %_P % K 
1.78 29.0 43.2 0.413 3.00 
1.82 40.5 0.441 3.34 
2.07 fiO.l 0.305 2.91 
2.78 63.2 50.5 0.346 2.49 
1.74 45.3 0.364 3.11 
1,68 43.1 0.479 2.88 
2.87 54.6 65.9 0.253 3,01 
2,78 70.8 0.255 3.38 
3.28 72.4 0.289 3.09 
CO to 
0,97 13.6 14.4 0.428 4.83 O 
0,99 15.4 0,470 4,05 
0,81 14,0 0,350 3.81 
1.29 20.8 17.7 0.509 4.32 
0.93 14.3 0.453 3.60 
1,02 17.9 0.476 4.38 
0.97 215 22.1 0.370 4.()1 
1,13 17.9 0,384 4.20 
1.26 26.9 0,496 4.14 
0.97 17 () 19.7 0.536 3.40 
0.98 210 0,505 4 38 
0.90 21.0 0.529 3.99 
1.06 219 I!) 7 0.601 4.83 
1.05 13 1 0 560 5.(iO 
1.08 24 0 0 488 5.23 
Table 58. (conlinuod) 
N rnlo 
pH value N source mg kg ' 
5 SM 100 
5 SM 200 
5 SM 300 
5 SM '100 
5 SM 500 
5 CM 100 
CM 200 
CM 300 
dry matter Average 
ig) (g) % N 
1,75 1.72 0,8(i 
1 ,'13 0.i)'l 
1,99 1,07 
1,57 2.02 1.20 
2,70 1.23 
1,80 1.22 
2.04 2.37 1.30 
2,39 1.11 
2.(57 0.94 
2.16 2.73 1.42 
2.81 1.17 
3.21 1.55 
2,27 2,35 1.41 
2,93 1,39 
1.85 2.91 
2.30 2,44 0.94 
2.07 1.01 
2.9G 0.90 
1,11 1,99 1,07 
2 23 1,01 
2,(12 0,93 
2.02 2,48 1,13 
2 34 1.23 
3 09 1.27 
Yiold of N Avorago 
(mg) (mg) %_P % l< 
15,1 
13,5 
21,3 
18,8 
33,3 
22.0 
27.7 
2(5,4 
25,1 
30.8 
32.8 
49.8 
32.0 
40.(5 
53.8 
21,(5 
20.8 
2(1.7 
I I .<)  
22,5 
24 5 
22.8 
28 8 
39 ,3 
1(5.(5 
24.7 
2(5.4 
37.8 
42.1 
23.0 
19.(5 
30 3 
0.423 
0.G91 
0,299 
0.422 
0.4(55 
0,40(5 
0.549 
0.(521 
0.589 
0.(519 
0.5(50 
0.(532 
0.50(5 
0.(574 
0.729 
0.38(5 
0.398 
0.483 
0.493 
0.50!) 
0,453 
().5(i(; 
0,505 
0 44(5 
3,14 
3.45 
4.18 
4.(55 
4.49 
4.17 
4.45 
3.72 
4.85 
5.39 
4.47 
4.00 
4.24 
5.10 
5.34 
4.10 
4.00 
3.71 
4.00 
3.4(5 
3.32 
4.29 
5.27 
4,98 
Table 58. (continued) 
N rato 
pH value N source nig kg ' 
5 CM -lOO 
5 CM noo 
5 UAN 100 
LJAN 200 
UAN HOO 
5 UAN 400 
UAN noo 
( )  control  noiK!  
dry mallor Avoragn 
is) (g) % N 
3.15 2.30 1.35 
1.84 1.55) 
1.90 1.17 
2.34 2.82 1.(17 
2.73 1.29 
3.40 1.78 
2,04 2.05 1.03 
2.25 0.97 
1.87 0.99 
2.13 2.30 1.19 
2.23 1.38 
2.55 1,11 
2.27 2,54 3.89 
2,65 l,(i8 
2,71 1.40 
2.45 2,59 2,5(i 
2,13 2,05 
3,18 3.40 
1.91 2,53 3,42 
2,13 4,27 
3 55 4, Hi 
0 97 1,12 0,83 
1 Hi 0,72 
1 23 0,78 
Y i o l d o f N  A v o r a g o  
(mg) (mg) %_P % !<• 
42.5 31.3 0.5(54 4,47 
29,3 0.484 3,77 
22.1 0.551 4.28 
39,1 44.9 0.397 5.97 
35.1 0.5(i3 5.70 
(!(),(! ().5(i() (i,0(J 
21,0 20.5 0.481 3.08 
21,8 0.505 3.94 
18,() 0.518 3.89 
CO 
to 
25.3 28,1 0.571 2,(i2 
30,!) 0,4(54 2.58 
28,3 0,370 3,05 
88.3 5(5,8 
44.4 
37.8 
(>2.(5 75,7 
5(5,5 
108 
05,3 101 
90 9 
1 1 8  
805 8,07 
8 30 
9 59 
0,340 3,45 
0,244 3,32 
0,1(53 4,03 
0,444 3,44 
0,410 3,52 
0.422 1.84 
0,405 2.48 
0,275 2,(55 
0,470 2i)0 
0.453 2.02 
0.351 3(51 
0.492 3 1(1 
Table 58. (conl.inuod) 
N rnto 
pH value N sourco mg kR ' 
6 SMB 1()() 
6 SMB 200 
6 SMB HOO 
6 SMB .100 
6 SMB 500 
fi SS 100 
K SS 200 
() SS 300 
dry mnttor Avoraf^o 
(g) (g) % N 
0.93 1.20 0.87 
1.34 0.87 
1.32 1.01 
1.72 1.84 0.77 
1.92 0.75 
1.88 0,94 
1.88 2.08 1.0() 
2.33 1.07 
2.03 1,11 
3.14 2.5() 1.31 
2.50 1,42 
2.03 1,12 
2.02 2.33 1.71 
1.87 1.22 
3.11 1.42 
1.51 1.72 0,84 
2,07 0.71 
1.59 0,98 
2,18 2.20 1,00 
2,79 0,95 
1,()3 1,18 
2,4() 2,74 1,27 
2 78 1 05 
2 i)8 1 22 
YioldofN Avorago 
(mB) (mg) %_P % K 
8,11 
11.7 
13,4 
13,2 
14,4 
17,(i 
19.8 
24.8 
22.4 
41.2 
35.5 
22.7 
34.0 
22.8 
44.1 
12.7 
14.8 
15.() 
21,8 
2(),() 
1!)  3 
313 
29 3 
3(i 3 
15.1 
22.4 
33.1 
33,8 
14,4 
22,(i 
().5()3 
0,480 
0.442 
0.380 
0.319 
0.324 
0.449 
0.545 
0,47() 
0.4(i9 
0.598 
().4()3 
0.483 
0.528 
0.524 
0.373 
0.412 
0,344 
0.544 
0.409 
0.489 
0.(i5i) 
0,()57 
0 (183 
3,()1 
4.85 
4.42 
3.47 
3.11 
2.99 
5.23 
5. Hi 
5.40 
4.10 
3.83 
4.40 
3.79 
3.37 
3.83 
3,74 
3.4(1 
3,82 
4.54 
4,17 
3 98 
3,50 
3,85 
4 20 
Table 58, (continued) 
N ral.o dry nintt.or Avoragn 
pH value N source mg kg ' (g) (g) 
SS 'lOO 2.00 2.33 
2,09 
2.89 
SS 500 3.27 2.70 
2.18 
2.0(5 
HSOM 100 1.70 1.43 
1.62 
0.9G 
HSOM 200 1.58 1.47 
1.71 
1 . 1 1  
HSOM 300 1.25 1.55 
1.(57 
1.73 
HSOM 400 1,19 1.51 
1.G9 
1 .()4 
HSOM 500 1.97 1,71 
1.82 
1.33 
APF 100 2,23 2,40 
2.29 
2.(>1) 
Y i i i l d o f N  A v o r a g o  
%N (mg) (mg) %P %}i 
1.29 25.8 35.7 0.499 5,94 
1.30 27.2 0.483 5,43 
1.88 54.3 0.582 (5,02 
1.59 51.8 44.8 0.707 4.43 
2.22 48.3 0.721 3.80 
1.29 34,2 0.671 4.(55 
0.69 11,8 10,8 0.504 3,39 
0.76 12,3 0.344 3.33 
0.88 8.46 0.316 2.99 
0.70 11.0 11.5 0.349 2.88 
0.78 13.4 0.344 2.42 
0.90 10.0 0.3(56 4.03 
0.76 9.47 12,7 0,454 3,99 
0.81 13.6 0.399 3.84 
0.87 15.1 0.430 3.32 
0,91 10.9 13.7 0.348 3,84 
0,87 14.7 0.331 3.21 
0.94 15,5 0.350 4.02 
0.74 14.5 13.() 0,519 4,46 
0.73 13,2 0.352 5,15 
0,98 13,0 0,405 4,76 
0,84 18 8 20 5 0.582 3,43 
0.87 19 !) 0.473 3 (lO 
0 85 22 9 0.442 4 59 
Table 58. (continued) 
N ralo 
pH valuo N soum! mg kg ' 
6 APF 200 
6 APF 300 
6 APF 400 
6 APF riOO 
6 HLF 100 
6 HLF 200 
6 HLF 300 
6 HLF 400 
dry nmttor Avorago 
(g) (g) ^ 
2.25 2.13 0.<)() 
2,20 1,0!) 
1.95 1,38 
2,54 2,41 1,3!) 
2,48 1.53 
2,21 1.29 
2.19 2,()5 2,22 
3,07 3,54 
2,70 1,(51 
2,!)5 3,35 3,5!) 
3,34 4,07 
3,75 1,78 
2,31 2,12 1,00 
1,5(5 1,02 
2,50 0,89 
2,25 2,41 0,!)7 
2,30 1,04 
2,(57 1.5(5 
1.83 2.57 1.52 
2.81 O.!)."") 
3,(){> 1.(51 
2.17 2.53 2,23 
2,(50 1.(57 
2.83 2.2!) 
YidldofN Avorago 
(mg) (mg) % K 
20.2 23,7 0,320 3,74 
24,1 0,3!)5 4.19 
2(5.8 0.345 4.08 
35.4 33.9 0.427 3.2!) 
37,9 0,451 3.13 
28.5 0.359 2.91 
48.7 (57,0 0,3(53 3,45 
109 0,444 3,75 
43.5 0.457 3.15 
10(5 103 0,529 3.!)2 
13(5 0,348 4,83 
(5(5.8 0,4(59 3,07 
23.2 20.5 0,351 2.!)(5 
15.9 0.501 2.84 
22.3 0.370 2.77 
21.9 29.1 0.3!)5 3.23 
24,0 0,483 3.3!) 
41.(5 0.529 3.5(5 
27.!) 34.(5 0.5(5(5 4.50 
2(5.7 0.537 4 25 
49.4 0.437 4 (50 
48.5 52 2 0.3(54 3 21 
43 5 0.34(5 2 8! 
(14 7 0 50(5 2 81 
Table 58. (conl.inuod) 
N ralo dry mallor Avorago 
[)H value N source mg kg ' (g) (g) 
HLF 500 2,()7 2.8() 
2.(>() 
3,32 
DM 100 l.OO l./li) 
1.(!() 
1.21 
DM 200 1.52 1.78 
1 ,()5 
2.17 
DM :100 1.2() 1.60 
1.53 
2,01 
DM 400 1,(55 1,77 
1,88 
1,77 
DM 500 1.5(5 1,99 
2,3(5 
2,05 
SM 100 1,3(; 1,82 
2.2(5 
1,85 
SM 200 1.85 2.2(5 
2 28 
2 (51 
YidldofN Avorago 
% N (mg) (mg) % i( 
2.9(5 79.1 (55.0 0.55(5 3.3-1 
1.8(5 48.2 0.(502 2.78 
2.04 (57.(5 0.5(50 3.47 
0,72 11,(5 12,(5 0.432 3,52 
0,83 13,8 0,2(53 2,83 
1,03 12,4 0,384 3,0(5 
0,9(5 14,5 1(5.1 0.440 3.47 
0.8(5 14.2 0.344 3.11 
0.90 19.(5 0.390 3,(55 
CO 
to 
0,i)ri 12,0 1(5,8 (),3()() 3,(58 
0,!K) 13,7 (),58() 4,27 
1,22 24,(i 0,414 3,(57 
0,93 15,4 20.7 0.413 4.18 
1,17 22,0 0.537 4.10 
1.39 24.(5 0.4(59 2,88 
1.05 1G.3 23.4 0,441 3 22 
I.IH 27.9 0.301 4.71 
1.2(5 25,8 0,487 3.(59 
0,91 12,4 14.7 0.434 3,i)4 
0.73 1(5,4 0.518 3,74 
0,83 15.4 0,502 3.17 
0.9(5 17.7 21.9 0.551 4,25 
(),8() 19(5 0,558 3 88 
1 ()8 28 5 0 543 4 1X5 
Table 58. (cont inued) 
N rat() dry ninttor Avoragu 
pH value N sourco mg kg ' (g) (g) % N 
6 SM 300 2.33 2.(53 0.93 
2.G3 0.98 
2.92 1.04 
6 SM '100 2.24 2.21 1.02 
2.21 1.21 
2.18 1,3(> 
6 SM 500 2.25 2.17 1.18 
2.71 1.15 
1.54 2.28 
6 CM 100 1.88 1.84 1.31 
1 .(iO ().8() 
2.03 0.72 
6 CM 200 2.13 2.49 1.15 
2.17 0,83 
3, Hi 0.88 
(i CM 300 2,01 2,55 1,01 
2,82 1,19 
2,81 1,09 
(i CM 400 3.50 3,12 l,9f) 
3.24 1.54 
2.02 1.13 
() CM 500 2.20 2.73 2.00 
3 47 1 24 
2 52 1 50 
Yiciid of N Avorago 
(mg) (mg) %_P % K 
21. ( )  
25.9 
30.3 
22.8 
2().7 
29.(5 
2(5.() 
31 1 
35.2 
24.(5 
13.8 
14.7 
24.(5 
18.0 
28.0 
20.4 
33.4 
30.(5 
()8.7 
49.8 
290 
44,0 
43 () 
37 8 
2(),4 
31.0 
17.7 
23.5 
28.1 
49.4 
0.525 
0,(508 
0.4(5(5 
0.4(55 
0,478 
0,547 
0,507 
0,529 
0,528 
0,504 
0.335 
0,3(51 
0.522 
0,3()8 
0,497 
0,528 
0,553 
0,554 
0,5(59 
0,485 
0,520 
0 55(J 
().(i75 
0 454 
4.41 
3.84 
4.30 
4,3(5 
5 39 
4,01 
2.85 
3,20 
2,48 
3.42 
4.41 
4,45 
4.42 
3.89 
3.84 
5.4(5 
4.()1 
5.47 
5 55 
5.78 
5.4() 
5.00 
5 15 
n 20 
Table 58. (conl.inuod) 
N 
pH value N sourua mg kg ' 
6 UAN 100 
6 UAN 200 
6 UAN MOO 
6 UAN 400 
6 UAN 500 
7 control nono 
7 SMB 100 
7 SMB 200 
dry ninttor Average! 
(g) (g) % N 
2.67 2.()8 0.94 
2.47 0,84 
2.91 0,91 
1,87 2,48 1,47 
2.61 1.10 
2.95 1.15 
2.26 2.37 1.74 
2.63 1,33 
2.21 1,70 
4.56 3.58 3.42 
2.43 1.69 
3.76 3,55 
2,20 2.57 3.07 
3.09 2.16 
2.43 2.48 
1.25 1.31 0,84 
1.45 0.79 
1.22 0.84 
2.15 1.86 0.95 
1.67 0,85 
175 1,14 
2.12 2,11 0,87 
1.63 0,84 
2 59 08!) 
Yiold of N Avcirago 
(mg) (mg) ^ 
25,2 24,1 0.464 4.99 
20.7 0.553 4.54 
26.4 0.543 5,17 
27.6 30.1 0.481 3.(i(; 
28.7 0.492 2,32 
33.9 0.419 2 34 
39.3 37.3 0.443 3.38 
34.9 0.411 4.11 
37.6 0.527 3,Of) 
00 to 
156 110 0,337 3,74 00 
41.1 0.425 3,14 
133.3 0.442 3.48 
()7,6 64,9 0.394 2.76 
66.8 0.415 2,73 
60.2 0,413 2.59 
10.5 10.7 0.492 2.02 
11.4 0.313 3.38 
10.3 0,439 3.81 
20.4 18,2 0,547 3.6!) 
14.2 0.430 3,42 
19!) 0,519 3,70 
18.4 18.3 0,45!) 431 
13f; 0,588 3.()4 
22!) 0 521 3!)7 
Table 58. (cont.iiiuod) 
N rnto dry mal.l.or Avorat^o 
pH value N sourco mg kg ' (g) (g) % N 
7 SMB 300 2,01 1,91 1,05 
1,72 1,03 
2,01 1,00 
7 SMM 400 1,79 1,93 1,03 
2,2(5 0,73 
1,75 1,04 
7 SMB 500 1,82 1,97 1,02 
2,00 1,10 
2,08 0,97 
7 SS 100 1,35 1,08 0,98 
1,75 0,90 
1,95 1,04 
7 SS 200 1,8(5 2,08 0,95 
2,00 1,19 
2,37 1,12 
7 SS 300 1,97 2,15 1,1(5 
2,82 1,00 
1,(55 1.79 
7 SS 400 3.31 2,70 2,45 
2,45 1,23 
2,33 1,()1 
7 SS 500 2.35 2,89 1.5(i 
3.()(1 l .(H) 
2 73 132 
YidldofN Avorago 
(mg) (mg) % K 
21,0 
17,8 
20,0 
18.4 
1(5,5 
18,2 
18,(5 
22,0 
20,2 
13.2 
15,8 
20.3 
17.7 
23.8 
2(5,5 
22.9 
28,1 
29.5 
81.0 
30.2 
37 5 
3(i (i 
38 1 
3(1 0 
17,7 
20,2 
1(5,4 
22,7 
2(5,8 
49,5 
3(5!) 
0,488 
0,(509 
0.59(5 
0,544 
0,558 
0,(50() 
0,454 
0,55(5 
0,538 
0,400 
0,500 
0,3(55 
0,33(5 
0,347 
0.329 
0,580 
0,(58(5 
0.(189 
0,551 
0,527 
0,(110 
0.731 
0.(17)1 
0.(170 
4.52 
3.73 
3,83 
3.28 
4,34 
3,li) 
5,1(1 
4,!)4 
5,21 
4,37 
4.(11 
382 
4.29 
3.85 
4,(15 
5.(17 
4,90 
4.80 
4.18 
5 11 
4.98 
5.21 
4 7(1 
I 25 
Table 58. (cont inuod) 
N ral o 
pH valuo N source mg ' 
7 HSOM 100 
7 USOM 200 
7 HSOM :HOO 
7 HSOM 400 
7 HSOM 500 
7 APF 100 
7 APF 200 
7 APF MOO 
dry matt er Average 
li) (g) ^ 
0.96 1.12 0.90 
1.52 0.7!) 
0,89 0.87 
1,46 1,54 1.03 
1,58 0 71 
1,58 0.86 
1.58 1.36 0.93 
0,90 0.87 
1.61 0,80 
1,66 1,70 0.99 
1.82 0.76 
1.61 0.87 
1.59 1.63 0.93 
1.60 0.85 
1.71 1 17 
2,77 2,21 0,97 
1.83 0.97 
2.04 1,00 
2.04 2,18 1.29 
1.99 1.21 
2.50 1,23 
3.57 3.58 1.90 
3.12 1.31 
4 06 3 ,39 
Yield of N Average 
(mg) (mg) 
8,67 9,5 0,519 3,31 
12,1 0,485 2,59 
7.76 0.509 2.92 
15.1 13.2 0,304 3,43 
11.2 0,386 4.23 
13,5 0,323 3.21 
14.7 12,3 0,368 3.53 
7,85 0,393 4.06 
14,4 0,387 3.67 
CO CO 
16.4 14,7 0,439 3,26 O 
13.8 0,595 3,67 
14,1 0,417 3,07 
14.8 16.2 0.555 5.03 
13.6 0.453 5.36 
20.1 0.490 4.24 
26.9 21.7 0.403 3.!M 
17.7 0.508 3 60 
20.5 0.408 3.70 
2(i.3 27.0 0,363 4.30 
24,1 0.447 4,59 
30.8 0.305 4.36 
67.8 82.1 0.374 3 88 
40 9 0.2C)9 3 13 
138 0.371 2 85 
Table 58. (cont inuod) 
N rtito dry niat.tor Avnrago 
pH valuo N source mg kg ' (g) (g) 
7 Al'F 400 2.553 2,82 
2.96 
2,90 
7 APF r)0() 3.19 :i27 
3,1G 
3,45 
7 HLF 100 2.04 2.15 
1.8(i 
2.54 
7 HLF 200 3,05 2,58 
2.14 
2.55 
7 HLF 300 2.25 2.31 
2.41 
2.2() 
7 HLF 400 1.91 2.48 
2.98 
2,55 
7 HLF 500 2.32 2,45 
2,37 
2,()7 
7 DM 100 0.70 
1.41 
1.39 
1.17 
YioldofN Averngo 
% N (mg) (mg) %? ^ 
3.41 88.3 87.(5 ().500 4.2(i 
4.34 128 0.541 4.45 
1.59 40.2 0.459 4.70 
3.81 121 115.2 0.519 5.02 
3.72 118 0.532 4.50 
3.09 107 0.5()9 5.0() 
1,0() 21.0 21,9 0,4()3 3,23 
1,07 19.9 0,530 3,51 
0.95 24.1 0.449 2.75 
CO CO 
1.14 34.9 30,3 0,503 4,31 M 
1.14 24.4 0.572 3,87 
1,24 31,7 0,58() 3,25 
1,21 27,2 34,3 0,4(10 3,82 
1,83 44,1 0,520 2,92 
1,40 31,0 0,437 3.88 
2.44 40.0 44.3 0.470 3.90 
1.00 47.0 0.580 3 28 
1.52 38.9 0.545 3.70 
2.39 55.5 49.7 0.554 2.00 
2.12 50.1 0.542 3 35 
1.03 43.5 0.550 3,03 
1.04 7 31 11.3 0.355 3 53 
0 9H 13.9 O.IIH 3 24 
0 92 12 8 0.50(1 4 21 
Table 58. (conUnuod) 
N rnlo 
pH valuo N source mg kg ' 
7 DM 200 
7 DM 300 
7 DM •100 
7 DM noo 
7 SM 100 
7 SM 200 
7 SM :-ioo 
7 SM 400 
dry mailer Avoraso 
(g) (g) ^ 
l .()3 1.50 0.90 
l.riG 1.01 
1,32 0.!)i) 
1.74 1.71 0,78 
1,K{) 0.85 
1 .(59 1.11 
1.35 2.07 1.81 
1,79 1.0() 
3.08 1.30 
1.73 1.78 1.22 
1.44 1.02 
2.16 1.03 
1,35 1,40 1.11 
1.45 0,79 
1,39 0.'.)7 
l .()2 1.91 0.95 
1.84 1.01 
2.2(i 0.98 
1.34 2.02 1.11 
1.95 1.04 
2.78 1.18 
1.70 1.85 1.04 
1.72 1.28 
2.12 1 18 
Yield of N Average 
(mg) (mg) % K 
14,7 14,5 0.398 3,9(i 
15,7 0,498 2,8() 
13.1 0.411 3,19 
13,5 15.5 0,459 3.02 
14.3 0.453 3.53 
18.7 0,343 4.14 
24.4 28.4 0,444 3.53 
18,9 0,458 4.00 
41.9 0.402 3,74 
21.2 19.4 0.549 3,58 
14,7 0.50r> 4.09 
22.3 0.5()() 3.17 
15.0 13,3 0,495 3.34 
11.5 0.398 2.r)2 
13.5 0,521 2,24 
15,4 18,7 0,471 4,78 
18,7 0,581 3.27 
22.1 0,509 3,38 
14.8 22.() 0,544 3 5() 
20,2 0,437 2.85 
32.7 0,521 3,48 
17 7 21,(> 0.457 4 20 
22.0 0.520 399 
25 1 0,48(1 3 31 
Tablo 58. (continued) 
N rat o 
pH valuo N sourca mg kg ' 
7 SM 500 
7 CM 100 
7 CM 200 
7 CM ;joo 
7 CM 400 
7 CM ."jOO 
7 UAN 100 
7 UAN 200 
dry mutt,or Avoragu 
(g) (£) 
2.18 2.42 1.81 
2.40 1.0() 
2.03 1.22 
1.81 1.81 0.88 
1.88 0.72 
1.75 1.03 
2.05 2.21 1.01 
2.0fi 0.i)l  
2.52 1.0(i 
2.17 2.33 1.05 
1.82 1.02 
2.9'.) 1.38 
1.84 2.14 1.07 
2.47 l.li) 
2.12 1.13 
2.15 2.73 1.2fl 
2.48 1.27 
3,5() 0.08 
1.82 1.94 1.08 
1.71) 0.99 
2.24 1.03 
l.-iO 2,10 1.37 
2.15 125 
2,55 1(15 
Y iiild of N Avorngo 
(mg) (mg) %_F % K 
39,4 32,5 0,478 3,84 
2().l  0.405 3.05 
32.0 0.5.54 4,12 
15,9 15,8 0,494 4,(!0 
13.() 0,.538 4,70 
18.1 0,425 3,97 
20,7 22.0 0,415 3,19 
18.7 0,4(i2 4.02 
2(5.7 0,.521 3,93 03 GO 
22,9 27.(5 0.480 4,53 CO 
18.5 0.545 5.8(5 
41,4 0,5(55 4..38 
19.8 24.3 0,477 4,85 
29,3 0,.571 4,2(5 
23.9 0.445 4..50 
27.2 31.2 0,4(54 5,78 
31,(5 (), .581 5.33 
34.8 0.(52(5 4.43 
19.(5 20.0 0,(522 3.(50 
17.5 0,4(58 4,02 
23.1 (). ,380 3.01 
21,7 25.2 0.494 3,37 
27(1 0,513 2.(>3 
2(5 9 0 429 .3 75 
Table 58. (continued) 
|)H value N source 
N rnt.o 
mg kg' 
dry matlctr 
(8) 
Average 
(K) % N 
Yield of N 
(mg) 
Average 
(mg) % 1' % K 
7 UAN 300 1.95 2.17 2.17 42,3 40.4 0.437 4,00 
2.37 2.07 49.0 0,473 3,11 
2.18 1.38 30.0 0,500 2,94 
7 UAN 400 2.4',) 2.(58 3.60 89.() HO.O ().3f)() 2,(59 
2.92 1.74 50.8 0.319 3,33 
2.()3 1,50 39.(i 0.353 3,34 
7 UAN rsOO 2.4'1 2.(>1 3,23 78.9 71.7 0.435 3,52 
2.4!) 2,59 ()4.4 0.449 3,72 
2.8i) 2,49 71,9 0,4()1 3.02 
Table Dry mat,l.er yield, yield of N, P,and K coiiUmiI of I bird cull ing ryegrass produced und(M' 
different, pi 1 values 
N rnto 
pH value N sourco mg kg ' 
dry mat.l.or AvoragH 
(r) (R) % N 
Yiold of N 
(mg) 
Average 
iniM) % 1' % K 
control none 0.72 
1.H 
1,02 
0.90 0,54 
0.(i5 
0,()0 
3,89 
7,42 
0,1(5 
5,83 0,440 
0.473 
0,401 
3.70 
3.35 
3.(12 
SMB 100 0.02 
0.89 
0,90 
0.80 0,(i5 
0.70 
0,71 
4.01 
0.19 
0.41 
5.54 0.3()9 
0.341 
().3()4 
3.80 
3,37 
3.75 
SMB 
SMB 
200 
300 
0.74 
0.94 
1.48 
1.33 
1.10 
0.85 
1.05 
1.09 
0 8 2  
0.79 
0.80 
0 77 
0.91 
0.83 
0.09 
7.47 
12,7 
10.2 
10.0 
7.03 
8.75 
9.07 
0,400 
0.427 
0,410 
0,443 
0,411 
0,489 
n.oo 
5,11 
4.28 
2.15 
2.31 
2.51 
CO CO 
SMB 400 1.42 
1.24 
0.80 
1.17 1.20 
1.00 
1 , 1 0  
17.9 
13.2 
9.49 
13.5 0.577 
0.521 
0.579 
3.74 
3.72 
3 58 
SMB 500 1.23 
1.17 
1.28 
1.23 2.08 
2.40 
2.17 
25,0 
28,8 
27,8 
27.4 0.447 
0.380 
0.435 
2,78 
2.98 
3,12 
SS 100 1 , 1 8  
1.17 
0.72 
1.02 0 58 
0.71 
0 ('>3 
().7!) 
8.31 
4,55 
0,55 0,5()() 
0.480 
0 477 
4.53 
3,89 
4 14 
Table 5f3, (continued) 
N rnt.n ,lpy maltor Avorngo 
pH value N sourco mg kg ' (g) (g) % N 
SS 200 LO/l 1.2'! 0,80 
1,30 0,84 
0,79 0,93 
SS 300 1,19 1,19 1,36 
1,19 1.12 
1.19 1.03 
SS 400 2.27 1.3H 1.70 
1.24 1.52 
0.62 1,60 
SS 500 1,52 1,45 2,11 
1,56 1,77 
1,26 1,91 
HSOM 100 1,00 0.95 0.62 
0,96 0,54 
0,89 0,60 
HSOM 200 0,66 0,74 1,01 
0.99 0.66 
0.57 0,73 
HSOM 300 0,<)7 0,91 0,67 
1,29 0,78 
0,47 0.7(1 
HSOM 400 1.17 0.92 0 79 
0.74 0.81 
0,86 0.76 
Yiold of N Avorngo 
(mg) (mg) 9^ 
13,1 10,5 0,561 4.58 
11,0 0,610 4,26 
7.38 0,571 4,20 
16.1 13.9 0.511 4,29 
13.3 0,499 3,98 
12.2 0,511 3,72 
38,7 22,5 0,666 3,78 
18,9 0.629 4.33 
9.90 0.661 4.39 
CO 00 
32.1 27.9 0.677 4,90 05 
27,5 0,618 4.73 
24.1 0.690 4.92 
6.21 5.57 0,324 3.82 
5,19 0,399 3,93 
5,32 0,387 3,35 
6,66 5.79 0,411 3,61 
6,58 0,376 3.59 
4.13 0.351 3,66 
6.52 (;.64 0.390 3.91 
10.1 0,357 3.51 
3,31 0 3KI 3,68 
9,29 7 28 0.440 3.38 
5.i)7 0 3(if! 3 37 
6.57 (1382 3.03 
Table 59. (continued) 
N rnlo dry mutlor Avorago 
pH value N source mg kg ' (g) (g) 
HSOM nOO 1.68 1.29 
1.18 
1.1)1 
APF 1()() 1.15 1.22 
0.87 
1 .(M 
APF 200 I.'IO 1.38 
1 .()9 
lO-l 
APF 300 1.27 1.51 
1.93 
1,33 
APF 400 1.79 1.(54 
1.51 
1.(51 
APF 500 1.20 1.10 
0,81 
1.30 
HLF 100 1,04 0,84 
0,72 
0,7(! 
IILF 200 0,iM) 1,03 
1,04 
1,07 
YioldofN Average 
% N (mg) (mg) %_P % K 
0.51 8.(54 7.71 0.439 3.95 
0,73 8,(>1 0.475 3,50 
0,58 5.90 0.387 3.99 
0,70 8,00 8.90 0.439 4.(57 
0,71 (5,1(; 0,382 4,39 
0.7(5 12,5 0,407 4.17 
1.05 14,7 12.2 0.339 4.09 
0.77 13.0 0,311 3,33 
0,85 8.87 0,329 3,81 
1,20 15,2 17.0 0,287 3.71 
1.00 19,3 0.27() 3,53 
1.23 Hi,4 0.241 3.51 
3.04 54,5 50.7 0.428 4,39 
3.30 50,8 0.344 4.10 
2.91 4(5,8 0.359 3.(>8 
3.83 4(5 () 40.5 0.329 4,52 
3,71 30.1 0,2()3 4,22 
3.50 45,4 0,2()3 3,89 
1,00 10.4 7,88 0,445 3,13 
0,87 (>.28 0,411 2,74 
0,91 (i.95 0.417 3,14 
1.10 109 10 1 0 223 3,(i8 
0.88 9.20 0,302 2,97 
0,9() 10 2 0.305 3 80 
Table 59. (cont inued) 
N rnl.o 
pH value N source mg kg ' 
5 HLF 301) 
5 HLF 400 
5 HLF TjOO 
5 DM 100 
5 DM 200 
5 DM 300 
n DM '100 
f) DM TiOO 
dry matior Avorago 
iE) (g) %il. 
1.21 1.09 1.43 
1.29 1.29 
0.78 1.31 
1,93 1.63 2,3() 
1,49 1.42 
1.40 1,80 
1,()3 1,58 2,78 
1,74 2,51 
1.30 2.39 
0.8(i 0.85 0,()7 
(),()4 0.74 
1,05 0,(59 
1,01 1,01 0,60 
1,12 0,71 
0,89 0,(58 
0,78 0,86 0.88 
0,96 0.83 
0,84 0.84 
1.33 1,17 0,85 
1.22 0,83 
0,97 0,83 
0,90 0.i)l 0.93 
0,89 ! 04 
093 0,i)7 
YioliiofN Avorago 
(mg) (mg) %P 
17,3 14.7 0,390 3,41 
16,6 0,380 3.02 
10,2 0.383 3,29 
45,6 31.0 0,350 2,36 
21.2 0,427 3,21 
26.3 0,404 3,30 
45,3 40.4 0.298 3,17 
43,6 0.314 3.75 
32,5 0,313 3,17 
CO CO 
5.79 5.92 0,447 4.00 00 
4.7(5 0.387 3.88 
7,21 0,391 3.85 
6,(57 6.92 0,492 4,09 
8.00 0.443 3,!)7 
(5.09 0.435 4.05 
6.8(5 7.28 0.436 4.58 
7.94 0,449 4,22 
7,03 0.450 3,9(5 
112 9,83 0.426 4,19 
10,1 0.474 4.13 
K()9 0,524 3,94 
8 38 8.88 0,5(5(5 5,44 
9 30 0 571 5,24 
8 98 0 612 5.62 
Table r)9. (cont inued) 
N rat o 
pH value N source mg kg ' 
5 SM 100 
5 SM 200 
5 SM 300 
5 SM -100 
5 SM 500 
5 CM 100 
CM 200 
CM 300 
tlry matter Average 
(g) (g) % N 
1,02 0,87 (),«() 
0,(58 0,87 
0,90 0.75 
0,70 1,00 0,73 
1,24 0,f)5 
1,05 0,77 
1,37 1.51 1.2() 
1.71 0.8(5 
1.4(5 0.i39 
1.34 1.24 1.10 
140 1.01 
0.99 1.00 
1.11 1.20 1.50 
1.50 1.29 
1,00 1,21 
0.74 1.05 0.87 
1.13 0.(53 
1,29 0,70 
0,9(5 1,29 1.57 
1.29 0.92 
1 (52 1.03 
1.37 1.28 1.08 
148 0.8(5 
0 99 0 9(5 
Yield of N Average 
(nig) (mg) 2^ 
(5.75 (5.47 
5,94 
(5,72 
5,08 8,32 
11,7 
8,13 
17.3 15.5 
14.7 
14.4 
14.8 12,9 
14,1 
9,87 
1(5,7 1(5.0 
19,3 
1 2  1  
(5.42 7.77 
7.13 
9,7(5 
15 1 14.5 
11.8 
1(5 (5 
0,4(5(5 3,53 
0,(542 3,39 
0,373 3,58 
0,497 4,48 
0.503 4,21 
0,477 3,77 
0,5(50 4,(50 
0,(549 3,91 
0,(5(58 4,19 
CA3 CO 
0,571 4,15 ^ 
0,520 4,(50 
0,571 4,3(5 
0,(549 5,08 
0,713 5,37 
0,724 5,38 
0,485 4,29 
0,403 4.39 
0.455 4,03 
0,413 3,79 
0 471 4,14 
0.389 3,88 
14 9 
12 7 
9 r.4 
0.542 
0 471 
0 573 
4,32 
5 05 
4 73 
Table 59. (cont inued) 
N rnto 
pH value N sourcB mg k(;' 
5 (3M 4 00 
5 CM 500 
5 II AN 100 
5 UAN 200 
5 UAN 300 
LIAN 400 
UAN 500 
() control noiKt 
dry mattor Avorafjo 
(g) (m) "AH 
1.58 1.49 1.25 
1.44 1.15 
1.46 1.19 
1.30 1.42 1.50 
1.40 1.12 
1.55 1.2(5 
1.17 1.2G 0.81 
1.39 0.59 
1.22 0.68 
1.29 1.24 0.96 
1.20 1.23 
1.23 1.10 
1.29 1.38 3.34 
1.04 1.52 
1.82 1.65 
1.37 1.31 2.22 
1.17 2.13 
1.40 2.34 
2.08 1.51 3.12 
1.07 3.75 
1.39 2.8(> 
0.72 0.78 0.71 
1.09 0.54 
0 54 0.59 
Y i d l d o f N  A v o r a g o  
(mg) (mg) 
19.8 17.9 0.593 4.75 
1().6 0.595 4.12 
17.3 0.586 4.32 
19.5 18.2 0.466 5.52 
15.6 0.486 5.41 
19,5 0.481 5.75 
9.44 8.62 0.495 3.61 
8.17 0.484 3.86 
8.25 0.465 3.37 
CO 
12.4 13.5 0.500 3,13 O 
14.8 0.522 2.74 
13.5 0.488 2,83 
43.0 29.6 0.238 3,17 
15,8 0.298 3.39 
30,0 0.235 3,44 
30,3 29.3 0.298 3.04 
25,0 0.399 3,04 
32.7 0.377 2.22 
64.!) 48,2 0.355 2.(i4 
40,1 0,341 2,77 
3!),7 (),408 2,24 
5()8 4.70 0,4 Hi 2.36 
5,85 0,410 3 20 
3 if) 0,422 2 54 
Table 59. (conl.inuod) 
N rai l! 
pH value N source mg kg ' 
6 SMB 100 
6 SMB 200 
6 SMB :^oo 
6 SMB 400 
6 SMB noo 
6 SS 100 
B SS 200 
G SS HOO 
dry mal tor Average 
(g) (g) ^ 
O.fid 0.58 0.75 
0.09 0.71 
0.42 0.7() 
1.25 1.01 0.67 
1.26 0.60 
0.52 0.63 
0.98 1,08 0.80 
1.06 0.87 
1.19 0.91 
1.12 1.40 1.12 
1.(i(i 1,0!) 
1.41 0.99 
1.02 1,08 1,73 
1,38 1.45 
0.85 1.53 
1,19 0,99 0,58 
1.28 0.71 
0.49 0.61 
1,49 1.43 0.78 
1,58 0,69 
1.22 0.80 
1.73 1.37 1.09 
1.53 O.Hl 
085 0.90 
Yiold of N Average 
(mg) (mg) %P % K 
4.80 4.29 0.437 4,08 
4.88 0.385 4.15 
3.18 0,443 4,45 
8,35 6,41 0.397 3.65 
7.61 0.36(i 3.49 
3.25 0,391 3.20 
7.81 9.28 0,443 4,41 
9,24 0,531 4,74 
10.8 0.445 5.04 
CO 
12.6 14.9 0.49() 3.74 
i«,i o.rinri 4. it) 
13.9 0.523 3.92 
17.6 16.9 0,465 4 ' 
20,0 0.485 3,99 
13.0 0.518 3.95 
6.95 6.34 0,341 3.38 
9.06 0.418 3,34 
3.01 0.317 3.51 
11,7 10.8 0.412 4.(i7 
10!) 0,452 4.40 
!),81 0.445 4.31 
18,8 13(1 0,5!)4 4.03 
12,4 0,561 4.00 
7(i!) ()(i20 4 1!) 
Table 59, (conl.inuod) 
N raid 
pH value N source mg kg ' 
6 SS 400 
6 SS r)0() 
6 HSOM 100 
6 HSOM 200 
G HSOM 300 
G HSOM 400 
G HSOM r)00 
() APr 100 
dry niatler Average 
is) (g) %N 
1.10 1,40 1,37 
1.5G 1,17 
1,53 1,13 
1,45 1.45 1,49 
1,51 1.87 
1.40 1,54 
0.92 0,94 0.49 
1.17 0,5G 
0,74 0,54 
1.23 0.94 0,59 
0.99 0,G2 
0,G1 0,G3 
0.71 0,78 0.G8 
1.15 0.58 
0.49 0,G0 
0,74 0,85 0,7G 
1.07 0.71 
0,73 0,73 
0,99 1,0!) 0,(»G 
1.30 0.()G 
0.97 0.(>0 
0.98 1.15 0.73 
1.35 O.Hl 
1,11 0.()8 
Yield of N Average 
(mg) (ing) %i^ % i< 
15.1 10,9 0,595 5,4G 
18.3 0.54G 5.50 
17,3 0,G13 5.39 
21.7 23,8 0,715 4,92 
28.2 0,721 4.44 
21.G 0.(i28 4,82 
4,54 5,03 0,38G 3,28 
G.53 0.320 2.90 
4.02 0.317 3,89 
7.30 5.74 0,31G 3,02 
G,09 0.388 2.79 
3.82 0.381 3,31 
4,85 4,83 0,431 3.71 
(i7() 0.408 3.53 
2.95 0.495 3,90 
5,(13 G,19 (),3()9 3.34 
7.58 0.340 3.02 
5,35 0.387 3.72 
G,5() G,99 0,455 3,99 
8(i3 0,382 3.79 
5 78 0 41G 4,11 
7 12 8 53 (),47() 3,84 
10 9 0.475 3 81 
7 59 0 380 4.03 
Table 59, (cont.inund) 
N rnlci (Iry mal.l.or Averago 
pH value N source mg kg ' (g) (g) 
6 APF 200 1.(53 1.57 
1.93 
l .H 
6 Al^F 300 1.21 I.'IS 
1.82 
1.-12 
6 APF 400 1,'13 1.49 
1.59 
1.40 
6 APF 500 1,51 1,77 
1,58 
2,23 
6 HLF 100 1.57 1.17 
1.29 
0.G4 
6 HLF 200 1.76 1.36 
1.41 
(1.90 
(i HLF 300 1,19 1.02 
1.02 
0.84 
6 HLF 400 1,37 1,35 
1,54 
113 
YinldofN Avorago 
% N (mg) (mg) % 1^ 
0,89 14,5 13,2 0,386 3,83 
0,81 15,6 0.371 3.77 
0.83 9.41 0.418 3,56 
1,39 1(),8 18,9 0,420 3,42 
1,21 21,9 0,454 2,92 
1,25 17,8 0,3(i0 3,23 
1,49 21,3 35.3 0.389 3.74 
3.01 47.9 0.382 3.65 
2.51 36.6 0.388 3.66 W 
3.07 4().4 58.2 0.481 4,03 W 
4.02 (!3,5 0,484 4,39 
2.90 64.6 0.450 2.51 
0.74 11.6 8,97 0.451 3.49 
0.84 10.8 0.42i) 3.63 
0.70 4,50 0,3(59 3,38 
0,82 14,5 11,2 0.437 3.33 
0.81 11.4 0.437 3.07 
0.84 7.60 0,442 3,6(5 
1,30 15,5 11,7 0,454 3 90 
1.03 10,0 0,529 4,17 
1,09 9 19 0,478 3,77 
2,06 28,2 20.6 0.384 2,8i) 
0,81 12 5 0,451 3 25 
1.86 210 0.478 2 79 
Table 59. (conl.inuod) 
N ralo 
pH value N sourco mg kg 
6 HLF 500 
6 DM 100 
6 DM 200 
6 DM MOO 
6 DM '100 
6 DM SOO 
(> SM 100 
(5 SM :^l)0 
dry matter Average 
(g) (g) ^ 
0.91 1.40 2.()() 
1.78 I.'IB 
1.51 2.05 
1.0'l 0.87 0.59 
0.80 0.7H 
0.78 0.(>4 
0.()3 0.9(5 1.03 
1.18 0.73 
l.OG 0.74 
1.09 0.9() 0.82 
1.12 0.77 
0.67 0.88 
1.28 1.25 0.90 
1.25 0.97 
1.21 0.90 
1.M 1.20 0.87 
1.27 0.87 
1.19 0.99 
1.31 I'll  O.tiO 
1.22 0.()0 
l .(>9 0.()3 
1.21 1.23 0.82 
1.54 0.(i7 
(194 0.71 
Yield of N Average 
(mg) (m£) ^ 
23.7 
2(5.4 
31.0 
(5.1(5 
5.82 
5.02 
(i.49 
8,5(5 
7.87 
8.94 
8.(>2 
5.92 
11,5 
1 2 . 1  
10,9 
10,0 
1 1 , 1  
11,7 
7,92 
7 3 
10 71 
!),HH 
10 4 
(5 71 
27.0 0.52(5 3.1(5 
0.520 2.(5(5 
0.525 3.23 
5.(5(5 0.442 2.98 
0.311 3.19 
0.429 3.17 
7.(54 0.4 4 8 
0.457 
0.4(59 
7.83 0,441 
0.490 
0.405 
3.5(5 
3.59 
3.21 CO 
4,14 
3.98 
3,70 
11.5 0.454 4.11 
0.485 3.95 
0.477 3.3(5 
10.9 0.529 3.!)3 
0.431 4,10 
0,522 3,4(5 
8,(54 0,434 3,70 
0,511 3,(54 
0.433 3.74 
8,9!) 0.51'i 4.34 
0,522 4 12 
0 479 4 (iO 
Tal)le 59. (cont inued) 
N rato dry matter Average Yiold of N Average 
pH value N source mgkg' (g) (g) % N (mg) (mg) % P % K 
6 SM 300 1.32 1.25 0,71 9.41 9.70 0,558 4,38 
1.32 0,84 11.1 0,5(i() 4,23 
1.11 0,77 8.tt0 0,550 4,35 
6 SM 400 1.49 1.40 0,7(5 11.3 12.3 0,541 4,9(5 
1.48 1.03 15.3 0,50(i 4,(53 
1.24 0,83 10,3 ().()02 4.33 
6 SM r)00 1.50 1,37 1,03 15,5 13.5 0.4(i() 304 
1.75 0.95 1(17 0.48(i 3.44 
0.87 (),9() 8,32 0.4(57 2,93 
6 CM 100 0,80 1.04 0.99 7,91 7.74 0.450 3.()8 
1,11 o.r.i 6,82 0.389 4,33 
1,22 0.70 8.49 0,471 4,03 
6 CM 200 1.28 1.37 0,8G 11.0 10,1 0,453 3.93 
1.84 0.()7 12,2 0,434 4 7(5 
0.99 0,71 7.0(5 0,500 4 23 
6 CM 300 l . ll  1.4r3 1.02 11,4 13,() 0,511 501 
1,95 0.90 17.(i 0,590 4.93 
1,29 0,93 12,0 0.(520 4.(59 
K CM •100 1,08 1,3() 1.49 1(>,1 17,4 0.48(5 5.18 
1.28 1.28 1(>.4 0.509 5,39 
1.72 1.14 19,7 0,402 5.18 
(i CM fiOO 1 ,(i5 1,84 1 83 30,2 21 9 0.587 5.23 
2 ()8 1 1)1 21 () 0.57!) n 80 
1 78 0 82 14 (i 0.548 5 2(1 
Table 59. (cont inued) 
N ral(! dry mal.tor Avorago 
pH value N sourc;u mg kg ' (g) (g) 
6 UAN KM) 1.73 1.38 
1.31 
1.10 
6 UAN 200 l.r)5 l .()0 
2.08 
1.17 
6 UAN 300 1.38 1.26 
1.00 
1.40 
6 UAN 400 1.59 1.70 
1.88 
1.64 
6 UAN 500 1.92 1.80 
1.86 
1.61 
7 control nono 0.85 0.89 
1.06 
0.77 
7 SMI3 100 0.59 0.82 
1.2(> 
().60 
7 SMB 200 142 1.15 
1.20 
0.84 
Yiold of N Avorago 
(mg) (mg) % K 
0.71 12.4 9.55 0.552 4 41 
0.64 8.33 0.552 3.81 
0.72 7.97 0.577 4.53 
1.18 18.3 16.1 0.450 2.94 
0.90 18.8 0.487 2.71 
0.96 11.2 0.437 2.84 
1.65 22,7 18.5 0.493 4,00 
1.18 11.8 0.536 3.47 
1.49 20.9 0.578 3.44 CO 
3.30 52.5 37.3 0.403 3.71 
1,41 26,5 0.393 2 i)3 
2.00 32.8 0.433 3,24 
3,02 57,9 44.3 0.387 3.40 
2.05 38.2 0.448 2.38 
2.29 36.9 0.386 2,74 
(,>,58 4,90 4.94 0,376 2.68 
0.53 5.59 0.335 2,88 
0.r)() 4.35 0.373 2,6(i 
0,H2 4,83 5,75 0.483 4.13 
0,(56 8,31 0.493 3.52 
().(i8 4 10 0.479 3.57 
().()5 1) 21 8,07 0.475 3,8(i 
().()9 8 23 0,170 4 13 
0 81 6 78 0 517 3 57 
Table 59. (cont iniiod) 
N rulo 
pH value N sourco mg ' 
7 SMB 300 
7 SMB 400 
7 SMB 500 
7 SS 100 
7 SS 200 
7 SS m) 
7 SS 400 
7 SS .•)()() 
dry mat.lor Avorago 
iE) (g) 
1.75 1.18 0.87 
1.15 0.89 
0.65 O.'.W 
1.5fi 1.27 0.92 
1.12 0.04 
1.13 0.90 
1.22 1,09 0.91 
1.15 0.97 
0.91 1.02 
1,00 0,97 0.73 
1,17 0,09 
0,75 0.74 
1.34 1,18 0,71 
1,48 1,02 
0,71 0,80 
1,41 1,52 0.95 
1,85 0,82 
1,31 1,05 
1,30 1,32 2,23 
1,57 1,02 
1.10 1,25 
1,89 1,08 1.31 
1.81 0!)8 
1.33 1(11 
Y i o l d o f N  A v e r a j j o  
(mg) (mg) % K 
15.3 10.5 0,482 4,20 
10,2 0.588 4,19 
0,02 0,484 3,02 
14.4 10.0 0.584 3.90 
7.20 0.542 4.11 
10.1 0,555 3,09 
11.1 10.5 0,507 4,35 
11.2 0.550 4,49 
!).24 0,482 4,04 
7,33 7,01 0.490 3,95 
8,11 0,438 4,17 
5,57 0.407 3,91 
9.57 10.3 0.370 4,31 
15,2 0,437 4.03 
0,08 0,300 4,85 
13,5 14,1 0,000 5,29 
15,1 0,001 4 75 
13,8 0,017 5,35 
29.0 19.0 0,588 4.04 
10.0 0.521 5.10 
13.8 0.571 4.05 
24.7 21.3 0.()71 4 54 
17 7 0,(i80 4 27 
21 1 0.(i29 14!) 
Table SB. (cont.iniHid) 
N ralo dry nialtor Avora^o 
pH value N source mK kt;' (g) 
HSOM 1()() 0.80 0.85 
l i d  
0,61 
HSOM 200 0,50 0.74 
0.;)4 
0.72 
HSOM HOO 1,12 0,95 
1.06 
0.68 
HSOM lOO 0.75 0,86 
1.06 
0.78 
HSOM 500 0.91 0.91 
1.17 
0.66 
AI^F 100 1.31 1.27 
1,29 
1,20 
Al'Ii' 200 1.52 1,40 
1.54 
l .l ' l  
APF ;^()0 1.57 1,67 
\ A H  
I 95 
Yiold of N Avorago 
(mg) (mg) %i! % K 
0.68 
0.57 
0,65 
5.47 
6,52 
:199 
5.33 0,402 3,54 
0,457 3,10 
0.483 3,17 
0,77 
0,58 
0,61 
4.34 
5,46 
4.41 
4.74 0.383 3.65 
0.3()0 3.()3 
0,312 3.09 
0,59 
1.43 
0,72 
0.86 
0.58 
0.68 
6.60 8,9 0,416 3,51 
15,1 0,461 4,18 
4.92 0,470 3,41 
6,47 5.99 0,525 3,75 
6,19 0.537 3.52 
5.30 0.472 374 
CO 
00 
0.77 
0,77 
0,73 
7.01 6,94 0,535 4.69 
9,03 0,542 4,44 
4.79 0,540 4.58 
0,74 
0,70 
0,76 
9,63 9,23 0,455 4,04 
8,97 0,471 3,i)5 
9.08 ().4!)0 384 
1 . 0 1  
0.93 
0,98 
15,3 
14.3 
11 .2  
13.6 0.400 4 47 
0,492 4.44 
0,384 3,97 
1 44 
1,00 
1 51 
22,() 
14 7 
2!) I 
22,2 0,284 3.35 
l).29('.  2,83 
0 2!)0 3 36 
Table 59, (('onl inufid) 
N ruld 
pH valuo N sourca mg kg ' 
7 AJ'F '100 
7 APF 500 
7 HLF 100 
7 lil .F 200 
7 IILF 300 
7 HLF '100 
7 HLF 500 
7 DM 100 
dry mal.t.or Avorago 
Ig) ^ 
1.45 1.59 3.1(> 
1.41 2.42 
1.90 2.()1 
1.G9 l.()() 3.20 
1.84 2.98 
1.44 3,05 
1.51 1.38 0.83 
1 .()G 0.77 
0.9() 0.85 
1.59 1,35 0.93 
1,32 1.11 
1,13 1.09 
1.42 1,5(5 1.25 
1.42 1.82 
1.85 1.20 
1.81 1.79 2.34 
1.()4 1.29 
1.93 1 ,(i() 
1.74 1.48 2. Hi 
1.30 2.04 
1.41 1.90 
0.59 0.88 0.84 
097 0.75 
1.07 0 75 
Y i c i l d o f N  A v o r n g o  
(mg) (mg) %_P % K 
45.8 
34.2 
49.5 
54.1 
54.8 
44.0 
12.5 
12.8 
8,12 
14.7 
14.f) 
12.3 
17.8 
25.8 
22.1 
42.3 
2 1 . 1  
31.0 
37 (I 
2(i 5 
2(i 7 
43.2 
51.0 
11.1 
13,9 
21,9 
31,5 
30,3 
0,443 
0,528 
0,424 
0,572 
0.559 
0.5G9 
0.439 
0.480 
0,383 
0.515 
0.557 
0.47() 
0.443 
0.484 
0.458 
0.522 
0.512 
0.573 
0.514 
0.41)0 
().5()3 
4.53 
3,05 
4 51 
4.54 
4 15 
4,89 
3.71 
3(i2 
3,41 
4,35 
4,22 
3,49 
3,71 
3,25 
3 33 
3,03 
3,(18 
3,1!) 
3,2(> 
3 (iO 
3 14 
4 !)7 
7 32 
7 99 
(),7() 0.438 
0,471 
0.435 
3,17 
3 52 
3 99 
Table 59, (continued) 
N raid dry niatt.or AvuraKo 
pH value N aourco mg kg ' (g) (g) 
7 DM 200 1.(14 1,22 
1.09 
0.93 
7 DM 300 1.13 1,15 
1.49 
0.84 
7 DM 400 0.93 1.18 
1.35 
1.27 
7 DM 500 1.51 1,44 
1.()() 
1.74 
7 SM 100 0.49 0.82 
1.21 
0,75 
7 SM 200 1.15 1.07 
1.35 
0.72 
7 SM 300 1.05 1.15 
1.2!) 
1.10 
7 SM 400 1.25 1.24 
0 89 
1 59 
Y i t i i d o f N  A v o r n g o  
% N (mg) (mg) % K 
0,()9 11.4 9.34 0.417 3.24 
0.90 9.78 0,414 3 52 
0.74 (i.84 0,445 3.70 
0.()8 7.70 7,(57 (),3()0 3.74 
0.(52 9.29 0.49() 3 31 
0.72 (i.Ol 0,440 3 51 
0,81 7,51 10,1 0,425 3 70 
0,92 12,4 0,412 3.57 
0,83 10,(5 0,443 3.11 
0.74 11.1 11.8 0,547 3,79 
0,85 9.01 0,498 3.89 
0.89 15.4 0.513 3.80 
1.03 5.04 5.79 0.542 2.78 
0.(51 7.43 0.515 3 3(1 
().(i5 4.90 0.470 2.58 
0.70 8.02 8.05 0.551 3.77 
0.83 11.2 0.579 3 7(1 
0,(18 4.93 0.524 4.19 
0.93 9,7(i 9.91 0.482 3 8(1 
0.82 l(l.(i ().r)2!) 3 27 
0.8(1 9.41 0.400 3 31 
0.88 11.0 12.5 0.5(18 3(12 
127 113 0.574 4 45 
(l!)5 15 1 0.510 3(18 
Table 59. (continued) 
N rnto dry mal.lor Avcirago 
pH value N source mg kg ' (g) (g) 
7 SM 500 0.86 1.17 
1.29 
1.35 
7 CM 100 l .H 1.00 
I.Ofi 
0.97 
7 CM 200 1.75 1.52 
1.03 
1.17 
7 CM 300 1.43 1.33 
1.32 
1.23 
7 CM 400 1.70 1.48 
1.50 
1.24 
7 CM 500 1.09 1.08 
1.73 
1.02 
7 UAN 100 1.00 1.02 
1.20 
0.80 
7 UAN 200 1.40 1.41 
1 38 
1 4(i 
%N 
Yield of N Avenigo 
(mg) (mg) % K 
2.12 18.2 14.9 0,57() 3.52 
0.93 12.0 0.550 3 85 
1.07 14.4 0.507 3 71 
0.73 8.29 6.90 0,454 4.10 
0.59 6,25 0,481 4.20 
0,64 6,17 ().506 4,(Hi 
0,69 12.0 10.8 0.513 3.63 
0.73 11,8 0.440 4.13 
0.74 8,62 0.454 3.!)5 
CO 
0,77 11,0 10,9 0,483 5.09 f"* 
0,90 11,9 0.465 5.26 
0.78 9.65 0.474 4.(>8 
0,81 13.7 12.4 0.459 4,83 
0,86 12,9 0,509 4.33 
0,86 10,6 0,494 5 13 
1,04 17,6 17,7 0,575 5 52 
1.12 19,5 0,552 5 54 
1 ()() 16,1 0,(i.35 5 20 
0,98 10,3 9,01 0.475 3 09 
0.79 9.53 0.496 3.58 
0 89 7 15 0.467 3 34 
1 15 16 1 15.9 0.378 3.15 
114.0 0.428 3 21 
121 17 7 0.454 3 41 
Table 59. (continued) 
N rat e 
pH value N source mg kg ' 
dry matter Average 
Jg) (k) %N 
Yield of N Average 
(mg) (mg) % P % K 
UAN 300 1.22 
1.47 
1.83 
1.51 2.08 
1.81 
1.69 
25.4 
26.7 
30.9 
27.7 0.453 
0.44() 
0.410 
3.49 
3.54 
3.27 
UAN 400 1.88 
1.70 
1.48 
1.69 3.60 
1.68 
2.19 
67.7 
28.6 
32.3 
42,9 0.403 
0.429 
0,424 
3.02 
2,86 
3,40 
UAN 500 2.14 
1,88 
1,92 
1.98 2,83 
2.28 
2,89 
60,6 
42,9 
55,5 
53.0 0.384 
0.381 
0.432 
2,97 
3,44 
2,50 
353 
Table 60. pH values of the soils after termination of ryegrass 
experiment as affected by soiirce and rate of nitrogen applied 
N rate Soil pH N source i pH-HoO Average pH-CaCL Average 
mgkg ;; 2 
5 control none 5.59 5.50 5.02 5.05 
5.44 5.04 
5.46 5.09 
5 SMB 100 5.37 5.61 5.01 5.11 
5.51 5.06 
5.94 5.26 
5 SMB 200 5.49 5.39 5.12 5.02 
5.53 5.14 
5.15 4.81 
5 SMB 300 5.56 5.51 5.13 5.06 
5.57 5.10 
5.39 4.96 
5 SMB 400 5.57 5.56 5.13 5.15 
5.54 5.13 
5.58 5.19 
5 SMB 500 5.40 5.40 5.03 5.00 
5.40 4.97 
5.39 5.01 
5 SS 100 6.13 5.61 5.72 5.22 
5.27 4.93 
5.44 5.02 
5 SS 200 5.14 5.20 4.70 4.81 
5.33 4.96 
5.13 4.78 
5 SS 300 5.44 5.58 5.07 5.20 
5.61 5.14 
5.70 5.40 
5 SS 400 5.37 5.29 5.06 4.93 
5.42 5.03 
5.09 4.69 
5 SS 500 5.38 5.29 5.01 4.92 
5.22 4.91 
5.26 4.83 
Table 60. (continued) 
354 
r£it6 Soil pH N source i pH-HoO Average pH-CaCU .Average 
mg kg ^ 
5 HSOM 100 4.99 5.08 4.65 4.73 
5.16 4.80 
5.09 4.75 
5 HSOM 200 5.11 4.95 4.72 4.50 
4.97 4.46 
4.76 4.33 
5 HSOM 300 4.54 4.72 4.13 4.33 
4.59 4.21 
5.03 4.65 
5 HSOM 400 4.42 4.54 4.06 4.15 
4.51 4.09 
4.70 4.29 
5 HSOM 500 4.34 4.34 3.98 3.99 
4.32 4.01 
4.35 3.97 
5 APF 100 5.18 5.53 4.69 5.22 
5.47 5.36 
5.93 5.61 
5 APF 200 4.92 5.05 4.47 4.70 
5.06 4.73 
5.17 4.91 
5 APF 300 4.64 4.61 4.21 4.18 
4.61 4.18 
4.59 4.15 
3 APF 400 4.46 4.44 4.13 4.07 
4.45 4.08 
4.40 3.99 
5 APF 500 4.46 4.50 4.09 4.11 
4.45 4.07 
4.58 4.17 
j HLF 100 4.77 5.01 4.32 4.57 
4.85 4.37 
5.40 5.01 
Soil 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
355 
(continued) 
N rate 
N source , pH-HoO Average pH-CaClo Average 
mgkg ^^ 
HLF 200 4.65 4.68 4.22 4.25 
4.66 4.30 
4.74 4.24 
HLF 300 4.47 4.47 4.05 4.02 
4.49 4.01 
4.46 3.99 
HLF 400 4.33 4.36 3.92 3.96 
4.37 3.95 
4.39 4.02 
HLF 500 4.30 4.23 3.89 3.83 
4.19 3.82 
4.20 3.78 
DM 100 5.70 5.73 5.26 5.29 
5.55 5.12 
5.93 5.48 
DM 200 5.93 5.49 5.27 5.01 
5.64 5.22 
4.91 4.55 
DM 300 6.12 6.03 5.86 5.68 
5.99 5.65 
5.99 5.52 
DM 400 6.17 6.28 5.85 5.88 
6.26 5.79 
6.40 6.01 
DM 500 6.27 6.28 5.83 5.92 
6.40 6.19 
6.17 5.73 
SM 100 5.47 5.65 5.37 5.33 
5.44 4.97 
6.05 5.64 
SM 200 5.54 5.64 5.14 5.22 
5.53 5.14 
5.86 5.37 
Soil 
5 
5 
5 
5 
5 
5 
5 
5 
0 
5 
5 
356 
(continued) 
N rate 
N source , , PH-H2O Average pH-CaCl.> Average 
mgkg 
SM 300 5.78 0.66 5.19 5.22 
5.66 5.31 
5.54 5.17 
SM 400 5.79 5.51 5.28 5.04 
5.89 5.45 
4.84 4.39 
SM 500 5.92 5.50 5.51 5.17 
5.92 5.65 
4.67 4.34 
CM 100 5.56 5.89 5.13 5.51 
5.45 5.07 
6.65 6.32 
CM 200 6.04 5.80 5.71 5.38 
5.76 5.25 
5.59 5.17 
CM 300 5.44 5.34 5.17 4.92 
5.73 5.11 
4.86 4.47 
CM 400 6.26 6.21 5.88 5.84 
5.97 5.69 
6.41 5.94 
CM 500 6.22 6.21 6.00 5.90 
6.11 5.75 
6.30 5.94 
UAN 100 5.27 5.27 4.90 4.88 
5.38 5.00 
5.17 4.73 
UAN 200 5.19 5.14 4.81 4.77 
5.15 4.82 
5.07 4.69 
UAN 300 5.09 5.06 4.71 4.70 
5.07 4.70 
5.02 4.70 
Table 60. (continued) 
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„ N rate Sou pH N source , , 
mg kg 
PH-H2O Average pH-CaCL Average 
U.AN 400 5.25 
5.09 
5.18 
5.1' 4.87 
4.70 
4.71 
4.76 
UAN 500 5.08 
4.66 
5.92 
5.22 4.60 
4.23 
5.61 
4.81 
control none 6.30 
6.30 
6.46 
6.35 5.92 
5.91 
6.00 
5.94 
SMB 100 6.54 
6.37 
6.40 
6.44 6.16 
6.01 
6.05 
6.07 
SMB 200 6.30 
6.50 
6.39 
6.40 5.94 
6.07 
5.96 
5.99 
SMB 300 6.21 
6.26 
6.27 
6.25 5.74 
5.88 
5.83 
5.82 
SMB 400 6.15 
6.10 
6.23 
6.16 o.  /o  
5.73 
5.80 
5.76 
SMB 500 6.26 
6.34 
6.20 
6.27 5.84 
5.87 
5.80 
5.84 
SS 100 6.34 
5.98 
4.44 
5.59 5.99 
5.61 
4.13 
5.24 
SS 200 5.78 
6.15 
7.32 
6.42 5.28 
5.87 
6.93 
6.03 
SS 300 6.00 
5.81 
5.05 
5.62 5.50 
5.36 
4.86 
5.24 
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Table 60. (continued) 
Soil pH N source .[ PH-H2O Average pH-CaCL Average 
mg kg" 
SS 400 5.80 5.90 5.44 5.45 
5.89 5.35 
6.01 5.57 
SS 500 6.14 6.10 5.89 5.78 
5.74 5.50 
6.41 5.95 
HSOM 100 6.80 6.47 6.50 6.07 
5.75 5.33 
6.87 6.39 
HSOM 200 5.58 5.58 5.19 5.20 
5.47 5.10 
5.70 5.31 
HSOM 300 5.20 5.24 4.74 4.84 
5.25 4.88 
5.27 4.89 
HSOM 400 5.05 5.06 4.63 4.69 
4.95 4.61 
5.18 4.82 
HSOM 500 4.90 4.89 4.49 4.46 
4.78 4.32 
4.98 4.56 
APF 100 6.03 6.14 5.56 5.72 
6.01 5.56 
6.39 6.04 
.APF 200 5.52 5.35 5.20 4.92 
5.63 5.16 
4.89 4.39 
.APF 300 5.35 5.16 4.87 4.80 
5.13 4.71 
5.00 4.81 
APF 400 4.85 4.92 4.31 4.44 
4.84 4.29 
5.07 4.73 
Table 60. (continued) 
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Soil pH N source , , pH-HoO Average pH-CaClo Average 
mgkg' ^ 
6 APF 500 4.68 4.77 4.21 4.30 
4.98 4.46 
4.65 4.23 
6 HLF 100 5.45 5.51 5.08 5.12 
5.42 5.16 
5.66 5.13 
6 HLF 200 5.45 5.59 4.97 5.19 
5.23 4.86 
6.09 5.73 
6 HLF 300 5.12 5.10 4.88 4.78 
5.19 4.82 
4.98 4.63 
6 HLF 400 4.89 4.97 4.61 4.65 
4.87 4.48 
5.16 4.85 
6 HLF 500 4.93 4.73 4.51 4.27 
4.69 4.18 
4.58 4.13 
6 DM 100 6.60 6.42 6.22 6.03 
6.48 6.09 
6.17 5.78 
6 DM 200 6.56 6.63 6.10 6.15 
6.89 6.35 
6.45 5.99 
3 DM 300 6.89 6.30 6.45 5.86 
6.32 5.93 
5.70 5.21 
3 DM 400 7.02 6.93 6.51 6.43 
6.82 6.41 
6.96 6.38 
5 DM 500 7.09 6.94 6.67 6.60 
7.21 6.90 
6.52 6.23 
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Table 60. (continued) 
N rate 
Soil pH N source PH-H2O Average pH-CaCL Average 
mg kg' 
SM 100 6.18 6.33 5.77 5.92 
6.10 5.67 
6.70 6.32 
SM 200 6.22 6.17 5.90 5.78 
6.59 6.15 
5.71 5.28 
SM 300 6.57 6.57 6.24 6.21 
6.66 6.31 
6.47 6.09 
SM 400 6.42 6.54 6.03 6.13 
6.65 6.25 
6.56 6.11 
SM 500 6.64 6.37 6.21 5.95 
6.48 5.99 
6.00 5.65 
CM 100 6.37 6.76 6.02 6.40 
6.55 6.17 
7.35 7.01 
CM 200 6.25 6.09 5.80 5.62 
6.62 6.13 
5.40 4.93 
CM 300 6.82 6.61 6.38 6.19 
6.48 6.05 
6.54 6.14 
CM 400 6.66 6.66 6.28 6.23 
6.62 6.25 
6.69 6.17 
CM 500 6.63 6.76 6.22 6.25 
6.85 6.18 
6.80 6.36 
UAN 100 5.83 6.11 5.64 5.77 
5.97 5.60 
6.54 6.08 
Table 60. (continued) 
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N rate Soil pH N source , 
mgkg 
PH-H2O Average pH-CaCL Average 
UAN 200 5.88 
5.85 
5.78 
5.84 5.63 
5.39 
5.32 
5.45 
UAN 300 5.97 
5.87 
5.42 
5.75 5.67 
5.61 
5.01 
.43 
UAN 400 5.80 
5.66 
5.80 
o. /O 5.44 
5.14 
5.33 
5.30 
UAN 500 5.98 
5.87 
5.49 
5.78 5.49 
5.42 
5.13 
5.35 
control none 7.67 
7.34 
7.50 
7.50 7.15 
6.84 
7.17 
.05 
SMB 100 7.03 
7.27 
7.07 
7.12 6.72 
6.85 
6.81 
6.79 
SMB 200 7.28 
7.37 
6.97 
7.21 6.93 
6.90 
6.49 
6.1 
SMB 300 6.97 
7.19 
7.17 
7.11 6.63 
6.84 
6.81 
6.76 
SMB 400 7.14 
7.27 
7.09 
7.17 6.74 
6.91 
6.75 
6.80 
SMB 500 7.33 
6.98 
7.25 
7.19 7.02 
6.45 
6.94 
6.80 
SS 100 7.15 
7.01 
6.46 
6.8? 6.79 
6.55 
5.91 
6.42 
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Table 60. (continued) 
N rate 
Soil pH N source .i PH-H2O Average pH-CaCL Average 
mg kg' 
SS 200 7.16 7.04 6.92 6.74 
6.97 6.61 
6.99 6.68 
SS 300 6.97 6.93 6.65 6.50 
7.30 6.75 
6.52 6.11 
SS 400 6.99 6.84 6.54 6.42 
7.09 6.65 
6.44 6.08 
SS 500 7.00 7.07 6.64 6.73 
7.05 6.73 
7.15 6.81 
HSOM 100 7.04 6.84 6.65 6.41 
7.31 6.84 
6.18 5.74 
HSOM 200 6.78 6.72 6.43 6.25 
6.50 6.06 
6.89 6.27 
HSOM 300 6.78 6.86 6.28 6.43 
7.06 6.59 
6.75 6.41 
HSOM 400 6.56 6.62 6.09 6.15 
6.79 6.29 
6.52 6.0 
HSOM 500 6.33 6.45 6.01 6.09 
6.53 6.16 
6.48 6.09 
APF 100 7.02 7.24 6.64 6.82 
7.31 6.83 
7.38 6.99 
APF 200 7.09 7.10 6.60 6.62 
6.94 6.53 
7.28 6.74 
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Table 60. (continued) 
Soil pH N source .1 PH-H2O .Average pH-CaClo .Average 
mg kg"' 
APF 300 6.72 6.67 6.26 6.25 
6.70 6.32 
6.59 6.17 
APF 400 6.59 6.51 6.14 6.09 
6.50 6.11 
6.44 6.03 
APF 500 6.27 6.09 5.85 5.67 
6.36 5.93 
5.65 5.24 
HLF 100 6.94 6.92 6.60 6.45 
6.85 6.32 
6.97 6.44 
HLF 200 6.72 6.80 6.26 6.33 
6.86 6.35 
6.83 6.37 
HLF 300 6.57 6.55 6.13 6.17 
6.71 6.35 
6.36 6.02 
HLF 400 6.34 6.58 5.92 6.21 
6.48 6.12 
6.92 6.59 
HLF 500 6.45 6.34 5.93 5.94 
6.54 6.14 
6.04 5.76 
DM 100 7.48 7.44 7.05 7.07 
7.28 7.00 
7.55 7.16 
DM 200 7.40 7.45 7.01 7.00 
7.36 6.85 
7.58 7.13 
DM 300 7.53 7.35 7.10 6.98 
7.50 7.11 
7.01 6.72 
Table 60. (continued) 
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rdt6 Soil pH N source i pH-HoO Average pH-CaCU Average 
mg kg 
DM 400 7.51 6.89 7.12 6.48 
7.66 7.21 
5.50 5.11 
DM 500 7.71 7.70 7.25 7.24 
7.84 7.39 
7.55 7.0 
SM 100 7.38 7.26 6.95 6.87 
7.47 7.06 
6.92 6.61 
SM 200 7.32 7.21 6.95 6.86 
7.19 6.88 
.13 6.74 
SM 300 7.25 7.30 6.87 6.88 
7.18 6.75 
7.46 7.03 
SM 400 7.39 7.15 6.98 6.70 
7.28 6.81 
6.78 6.30 
SM 500 7.11 6.98 6.72 6.60 
7.25 7.03 
6.58 6.05 
CM 100 7.19 7.30 6.83 6.93 
7.38 7.05 
.33 6.91 
CM 200 7.29 7.22 6.88 6.84 
7.22 6.79 
7.14 6.86 
CM 300 7.28 7.02 6.85 6.59 
7.42 6.91 
6.36 6.00 
CM 400 7.28 7.35 6.91 6.97 
7.25 6.86 
7.53 7.15 
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Table 60. (continued) 
N rate Soil pH N soxurce .1 pH-HoO Average pH-CaCU Average 
mg kg" 
CM 500 7.31 7.35 6.87 6.94 
7.33 7.00 
.41 6.36 
UAN 100 7.20 7.18 6.82 6.77 
7.07 6.68 
7.26 6.80 
UAN 200 6.96 7.21 6.50 6.83 
7.24 6.91 
.44 7.0 
UAN 300 7.21 7.21 6.88 6.90 
7.20 6.87 
.23 6.95 
UAN 400 7.07 7.24 6.70 6.83 
7.36 6.95 
7.28 6.85 
UAN 500 7.24 7.32 6.81 6.84 
7.34 6.78 
7.37 6.93 
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